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ABSTRACT 
Control of Taraxacum officinale (dandelion) and other broadleafweeds in turfgrass has 
been readily achieved with phenoxy herbicides, but the herbicide option has been 
revoked in many regions, necessitating alternative weed control strategies. One 
biological alternative is Sclerotinia minor, an Ascomycete fungus. The impact of S. 
minor on broadleaf weed dynamics and biotic interactions were studied in a turfgrass 
environment. The goal was to maximize effectiveness of aS. minor formulation as a 
biocontrol of dandelion using an ecological approach. S. minor efficacy was not affected 
by turf microenvironrnents and was similarly efficacious with spring or faU application. 
AU accessions from a worldwide collection of dandelion and 32 turfgrass broadleaf 
species were susceptible to S. minor. Biocontrol efficacy was inversely correlated with 
dandelion age, but efficacy on aU ages was enhanced in the presence of grass 
competition. When combined with regular mowing at 7-10 cm, the S. minor suppressive 
effect on dandelion was similar to the herbicide effect, particularly in the foUowing 
season. Weed suppression was less with close mowing at 3-5 cm due to increased 
dandelion seedling recruitment. While spring herbicide application was effective to 
suppress dandelion population, the S. minor treatment has no residual activity, 
necessitating a second application to suppress seedling recruits. Root regrowth after S. 
minor infection was minimal and was further reduced in superior quality turf after 
season-Iong mowing, and after spring applications. S. minor infected dandelion seeds, 
reduced the dandelion seedbank, and reduced dandelion seedling emergence by 98%. S. 
minor did not affect the emergence or the total biomass of cool season temperate 
turfgrass species. Turfgrass quality was improved following S. minor application and 
populations of other broadleafweeds were also controlled by S. minor. Understanding 
the biotic interactions within the turfgrass environment has rewardingly lead to 
successful integration of the S. minor biocontrol with the common management tools of 
mowing and over-seeding to achieve excellent control of dandelion and a healthy 
thri ving turf. 
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RÉSUMÉ 
Taraxacum officinale (pissenlit) et les autres mauvaises herbes à feuilles larges sont 
facilement contrôlés par les herbicides. Par contre, les herbicides étant interdits dans 
plusieurs régions, l'emploi de méthodes alternatives est nécessaire. Sclerotinia minor, 
un champignon de type Ascomycète, est une alternative biologique. L'impact de S. minor 
sur la dynamique des mauvaises herbes à feuilles larges et sur les interactions biotiques a 
été étudié dans un environnement de pelouse en plaque. Le but était de maximiser 
l'efficacité d'une formule contenant S. minor afin de l'utiliser contre les pissenlits. 
L'efficacité de S. minor n'a pas été affectée par les microenvironnements de la pelouse ni 
par la période d'application. Toutes les variétés de pissenlit sélectionnées ainsi que 32 
espèces de mauvaises herbes étaient susceptibles à S. minor. L'efficacité du biocontrôle 
était inversement proportionnelle à l'âge des pissenlits et augmentait due à la compétition 
de l 'herbe. Combiné avec une tonte longue et régulière, l'effet suppressif de S. minar sur 
les pissenlits était similaire à l'effet de l'herbicide. La suppression des mauvaises herbes 
était moindre lorsque la tonte était courte due à l'augmentation du taux de recrutement 
des semis de pissenlit. Deux applications de S. minar ont eu des effets similaires à une 
application d'herbicide. Le traitement de S. minor n'ayant pas d'activité résiduelle, deux 
applications sont nécessaires. La repousse des racines suite à l'infection par S. minor a 
été minimale, encore plus dans la pelouse de qualité. S. minor a infecté les graines, a 
réduit la banque de graines, et a réduit l'émergence des semis de pissenlit de 98%. S. 
minor n'a pas affecté l'émergence ou la biomasse des espèces de pelouse acclimatées aux 
saisons tempérées. La qualité de la pelouse en plaque était améliorée suite à l'application 
iii 
de S. minor et les autres mauvaises herbes étaient aussi contrôlées par S. minar. La 
compréhension des interactions biotiques à l'intérieur de l'environnement de la pelouse 
en plaque a permit l'intégration réussie de S. minor comme agent de biocontrôle dans les 
pratiques courantes (la tonte et le sursemis) utilisées pour atteindre un excellent contrôle 
des pissenlits et une pelouse résistante et en santé. 
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CHAPTERl 
INTRODUCTION 
Weeds are familiar plants in our environment, infesting a wide range of variable habitats 
and posing major threats to agriculture, biodiversity, ecosystem integrity and public 
health. They are commonly found in areas where the native vegetation has been replaced 
with a controlled system of cropping and management, or with other activities related to 
civilization (Anderson 1996). After the Second World War, the ecology ofturfgrass 
systems has been changed due to massive turf monoculture industrialization (Robbins & 
Birkenholtz 2003). The monoculture turfgrass system replaces the ecology of a natural 
environment, and provides a favourable environment for better adapted organisms 
including weeds. Nearly every turfgrass environment has weed problems that require 
sorne degree of management to be usable and aesthetically pleasing (Monaco et al. 
2002). McCarty et al. (2001) described 73 grass and grass-like and 145 broadleafspecies 
as weeds in turfgrass environments. These weeds do not only compete with turfgrass for 
light, soil nutrients, soil moisture and physical space, but also are hosts for pests 
(McCarty et al. 2001). 
A significant turfgrass industry has evolved to manage these new environments, and 
has become an important economic component in North America and Europe 
accompanied by increased inputs in petrochemicals, fertilizers and pesticides (Robbins & 
Birkenholtz 2003; Cisar 2004). In 1990, it was estimated that there were approximately 
30 million acres ofturfgrass in USA (Emmons 1995). This area is predicted to increase 
year after year. Monaco et al. (2002) mentioned an estimate of 46 million acres of turf in 
the United States. The annual expenditure on turf was estimated during 1982-1993 in 
USA as $45 billion (Beard & Greeen 1994). Turfgrass not only provides recreational and 
aesthetic benefits for human but also several functional benefits for the environment e.g. 
reduction ofsoil erosion (Beard & Green 1994). 
Dandelion (Taraxacum officinale G.H. Weber ex Wiggers) is a common world wide 
perennial weed occurring in a wide range of habitats including grassland areas. The high 
seed potential and dispersal abilities and the regenerative capacity of the strong tap root 
are major competitive features in dandelion leading to its prevalence in turfgrass 
environments and to the dilemma of its control (Stewart-Wade et al. 2002b). CUITent 
methods for dandelion control in turfgrass are proper management practices and 
chemical control with chlorophenoxy herbicides including 2,4-dichlorophenoxy acetic 
acid (2,4-D) (Riddle et al. 1991). However, chemical herbicides have received 
considerable negative publicity worldwide and nowadays various levels of governments 
are enacting legislation restricting or banning the use of pesticides in urban areas 
(Schnick et al. 2002; Cisar 2004). In response to this situation, alternative approaches 
including biological control are being researched. 
Sclerotinia minor Jagger is an ascomycete plant pathogen that has biocontrol 
potential for dandelion in turfgrass. Several formulations of S. minor have been shown to 
have a mycoherbicidal activity on dandelion in turfgrass systems (Ciotola et al. 1991; 
Riddle et al. 1991; Briere et al. 1992; Schnick et al. 2002; Stewart-Wade et al. 2002a). S. 
minor mycelium in sodium alginate granules (Briere et al. 1992) and mycelial-colonized 
barley grits (Ciotola et al. 1991) were found to be the most effective formulations on 
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dandelion and plantain without causing damage to turfgrass species (Stewart-Wade et al. 
2002a). 
In the absence of ecological information, reliance on a single weed control strategy 
may result in weed management failure, increasing the weed problems or having 
negative environmental and economic consequences (Booth et al. 2003). The biocontrol 
process involves several biotic and abiotic interactions. Biocontrol is successful when the 
biotic components and the environment interact in such a manner that weed control or 
suppression occurs (Kennedy & Kremer 1996). Given the high costs of such programs, 
the success rate should be maximized and this task cannot be achieved without 
understanding the ecology of the components of the plant: pathogen system (Cousens & 
Croft 2000). As a consequence ofweed control, species composition, abundance and/or 
distribution are usually changed. Therefore, investigating different biotic interactions and 
studying population dynamics of the involved weed species are necessary to evaluate the 
success of a biocontrol agent and to determine the impact of the biocontrol on the 
populations and on the environment (Burpee 1990; Deacon 1991; Kennedy & Kremer 
1996; Radosevich et al. 1997; Headrick & Goeden 2001). 
The ecology and population dynamics of dandelion and other broad-leaf weed 
species in turfgrass systems under the influence of S. minor have never been investigated. 
The major goals of this study were to understand the ecological interactions of the 
pathosystem and to evaluate the extent of pathogenesis between S. minor and dandelion 
and seek out an ecological approach that maximizes the biocontrol process. 
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1.1. Research Hypotheses 
A research program was established to acquire knowledge concerning biotic and abiotic 
interactions that increase disease and damage to dandelion caused by Sclerotinia minor. 
The following hypotheses were tested: 
I-Dandelions of different ages and growth forms (biotypes or accessions) will 
respond differently to Sclerotinia minor. 
2-Different mowing heights of turfgrass have different effects on the biocontrol 
process of dandelion caused by Sclerotinia minor. 
3-Turfgrass density and vigour are synergic with Sclerotinia minor to suppress 
dandelion through competitive interaction. 
4-Different application times of Sclerotinia minor have different effects on the 
control efficacy and or the susceptibility of dandelion. 
5-The application of Sclerotinia minor in turfgrass systems changes the plant 
populations, influencing species composition, abundance, and distribution. 
6-No adverse effects are expected on turfgrass growth and establishment due 
to Sclerotinia minor successive applications 
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1.2. Research Objectives 
Based on the above hypotheses, the following research objectives were defined: 
1- To evaluate the effect of plant age, and dandelion biotypes on the 
performance of S. minor to cause mortality and population suppression of 
dandelion. 
2- To evaluate the effect of grass competition on dandelion control by S. 
minor. 
3- To determine the effect of grass mowing height on dandelion suppression 
with S. minor. 
4- To evaluate the effect of seasonal application of S. minor on dandelion 
control. 
5- To investigate the effect of S. minor on seed germination and seedling 
establishment of dandelion and turfgrass 
6- To study the effect of S. minor on the population dynamics of dandelion 
and other broadleaf weed species in turfgrass systems. 
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CHAPTER2 
GENERAL LITERATURE REVIEW 
2.1. Weeds and their implications 
Weeds are characteristic ofhuman activities and civilization, particularly in controlled 
cropping systems and managed lands. Usually, weeds thrive in disturbed sites, having 
strong competitiveness for the available resources and strong reproductive abilities 
(Monaco et al. 2002). In disturbed areas, weeds comprise the first stage of secondary 
plant succession and often have the capability to replace the original plant species 
(Anderson 1996). Since 1879, several definitions and descriptions were given for weeds. 
Baker (1974) listed twelve biological characteristics that describe weeds and suggested 
that a plant species might possess various combinations of these characteristics resulting 
in a range ofweediness from minor to major or highly successful weeds. Zimmerman 
(1976) characterized weeds by four features: ability to colonize disturbed habitats, 
invasive, locaUy abundant, and oflittle economic value. Aldrich (1984) described weeds 
as plants that originated under a natural environment and in response to [human] imposed 
or natural conditions are now interfering associates of crops and human activities. 
However, The Weed Science Society of America, 1994 described a weed simply as any 
plant that is objectionable or interferes with the activities or welfare of man (Radosevich 
et al. 1997). AU ofthese definitions imply that weeds have sorne common biological 
traits but also a level of relative undesirability as determined by humans. Radosevich et 
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al. (1997) indicated that relative abundance of plants, their location, and the potential use 
of the land they occupy should be considered in weed definitions. 
In Canada, the estimated average annualloss caused by weeds in 58 crops was $984 
million (Swanton et al. 1993). The loss was distributed as $372 million in eastern Canada 
and $612 million in western Canada. In The United States, the estimated average annual 
loss caused by weeds in 46 crops grown in 1991 was $4.1 billion. This annualloss would 
have been $19.6 billion if herbicides had not been used (Bridges 1992). The successful 
competition of weeds results in crop quantity loss by being more aggressive in growth 
habit, obtaining and utilising the essentials of growth, development and reproduction at 
the expense of crop plants and in sorne cases, by secretion of chemicals that adversely 
affect the growth and development of crop plants (Monaco et al. 2002). 
Crop quality is also reduced when green, moist vegetation and the reproductive 
parts ofweeds are harvested along with the crop (Anderson 1996). Crop loss is not the 
only adverse effect of weeds. They can serve as hosts for plant pests and diseases and 
also weeds are the major cause ofhay fever and dermatitis which infect millions of 
people in the United States, Canada and other parts of the world (Anderson 1996). The 
cost of impact due to weeds could be as great to ecosystem as land-use but is harder to 
estimate (Booth et al. 2003). 
Weed competition is one of the critical factors limiting crop yield in agricultural 
systems. Synthetic organic pesticides are the primary method of control for weeds, 
insects and pathogens. In Canada, sales of these products exceeded $1.4 billion in 1998, 
primarily for herbicides applied to cereal and oil seed crops (Floate et al. 2002). 
Continuous development ofnew pesticides has been driven by firstly, a desire to replace 
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existing products with more target specifie, lower mammalian toxicity, and less 
environmental persistence products, and secondly, the need to find alternatives to 
products that become less effective due to the development of a certain degree of 
pesticide resistance (Floate et al. 2002). The introduce of herbicide resistant crops, using 
genetic engineering, reflects the continuous des ire to secure weed control markets 
(Müller-Scharer et al. 2000). 
Resistance to one or more herbicide classes has been reported for populations of 
seven broadleaf weed species on the Canadian prairies in the past decade (Beckie et al. 
1999). Four populations ofwild oat, Avenafatua L., in intensive, continuous cropping 
systems of wheat, barley and canola in Alberta were found to be completely resistant to 
aU herbicides registered for use in wheat (Beckie et al. 1999). Indeed, the large-scale and 
repeated application of broad-spectrum herbicides raises other concerns like the transfer 
of resistance genes to wild and weedy relatives, the spread of resistant volunteer crops 
and weed shift toward more tolerant species. 
Applications of herbicides also introduce chemical residues into the environment, 
with undetermined consequences. Herbicides such as 2,4-D (2,4-dicholorphenoxy acetic 
acid), bromoxynil (3,5-dibromo-4-hydrooxybenzonitrile) and dicamba (3,6-dichloro-
methoxybenzoic acid) were frequently present in rainfall at concentrations that may have 
adverse effects on sensitive plant species and on the quality of surface water in Alberta 
(Hill et al. 1999). According to Floate et al. (2002), the Pest Management Regulatory 
Agency in Canada is reviewing an pesticides registered prior to 31 December, 1994 
(74% of the 550 cUITently registered active ingredients) to stay CUITent with the 
reassessment with a new standard: "reasonable certainty that no harm will result 
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from aggregate exposure to each pesticide from dietary and other sources". In 
addition to the negative effects of excess herbicide use on our ground water and 
environment, public awareness and concern have also increased resulting in the reduction 
in use or banning of chemical pesticides, especially in urban environments. Therefore 
searching for alternative means of weed management, such as biological control, have 
been encouraged. 
2.2. Biological control 
Biocontrol uses natural enemies to control insect, pathogen and weed pests. Recently, the 
definition of biocontrol has been broaden to the use of natural or modified organisms, 
gene or gene products to reduce the effect ofundesirables organisms (pests) and to 
favour desirable organisms such as crops, trees, animaIs and beneficial insects and 
microorganisms (Cook 1987). Biocontrol involves one or more natural processes (e.g. 
antibiosis, parasitism, competition, predation and induced host resistance) that are 
influenced by abiotic and biotic factors from the surrounding environment. These factors 
often limit the interactions between plant pathogens and their antagonists resulting in less 
than acceptable suppression of disease or reduction in pathogen populations (Cook & 
Baker 1983). 
The origin of research on biocontrol of soil-borne plant pathogens was traced to the 
1920s when, in experirnental conditions, saprophytic microorganisms were co-inoculated 
with pathogens into previously sterilized soils and shown to exert control (Garret 1965: 
cited in Deacon 1991). The first recorded example ofbiological weed control was the 
control of Opuntia vulgaris by the intentional introduction of a cochineal insect, 
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Dactylopius ceylonicus to northern India from Brazil in 1795 (Goeden 1988: cited in 
Watson 1993). This insect was also introduced to Sri Lanka (prior to 1865) and resulted 
in successful biological control of 0. vulgaris throughout that country (Watson 1993). 
In Canada, notable biological control successes over the past 20 years were 
reviewed by Mason & Huber (2002). Sorne ofthese projects have resulted in successful 
pest control including the control of Sphaerotheca and Erysiphe powdery mildews using 
Sporodex® (Belanger et al. 2002), the successful establishment of exotic agents, e.g. 
European apple sawfly (Vincent et al. 2002), and development and registration of 
Chondrostereum purpureum under the trade names Chontrol® or Myco-Tech® for control 
of stump sprouting and regrowth of aIder, birch and poplar in utility rights-of-way and 
forest vegetation management (cited in Mason & Huber (2002) as: Dr W.E. Hintz, 
Mycologic Inc. personal communication). 
2.2.1. Biological control of weeds 
Weeds are the most significant pests in economic and environmental terms as measured 
by effort spent on their control and the herbicide share of global pesticide sales (Bridges 
1992; Powell & Jutsum 1993). In Canada, the herbicides comprised 85% of total 
pesticide sales in 1998 (Floate et al. 2002). The literature on biological control ofweeds 
is relatively compact, and the United States, Australia, South Africa, Canada and New 
Zealand use biocontrol the most (McFadyen 1998). Several reviews have documented the 
progress and limitations ofbio10gica1 weed control (Watson 1993; Kennedy and Kremer 
1996; McFadyen 1998; Müller-Scharer et al. 2000; Charudattan & Dinoor 2000; Mason 
& Huber 2002; Hallett 2005). 
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Three main strategies for biological control are available for weed suppression: 
c1assical, inundative and integrated management approaches. The c1assical approach 
involves the importation of exotic natural enemies for release, dissemination and self-
perpetuation on an introduced target weed. lnundative or bioherbicide approach is the 
augmentation or addition of a virulent pathogen to suppress weeds. In this approach the 
biocontrol agent is not self-sustaining and must be applied to the target host in repeated 
manner. lntegrated approach is a broad approach which involves technologies, ecological 
interactions and management practices to conserve or enhance native enemies of weeds. 
Classical biological control is the only weed control method able to provide a long 
term, often permanent solution to a serious weed problem with limited or no further 
inputs after the agent is introduced (Watson 1993). Insects and rust fungi have been 
successful classical approaches to weed control (Kennedy & Kremer 1996; Charudattan 
& Dinoor 2000). This approach is the predominant method in weed biocontrol and there 
is little actual use of augmentation as commercial or practical methods in the field 
(McFadyen 1998). One of the most successful examples is the introduction of a rust 
fungus Puccinia chondrillina along with three insects to control rush skeleton weed 
(Chondrillajuncea) in Australia. This fungus disseminated rapidly and widely and was 
able to control the most predominant biotype of rush skeleton weed (Charudattan & 
Dinoor 2000). 
Augmentation using pathogens, almost entirely with fungi, has had limited 
commercial or practical success in the field. Currently, five fungi and one bacterium are 
registered and formulated as bioherbicides (Charudattan & Dinoor 2000). DeVine® 
(Phytophthora palmivora) is used to control Morrenia odorata (milkweed vine) in citrus 
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fields in Florida. Collego® (Colletotrichum gloeosporioides f.sp. aeschynomene) is used 
to control Aeschynomene virginica (northernjointvetch) in Arkansas, Mississippi and 
Louisiana. BioMal® (Colletotrichum gloeosporioides f.sp. malvae) was registered in 
Canada for control of Malva pusilla (round-Ieaved mallow), but has not been 
commercialized due to production problems. Dr. BioSedge® was formulated based on the 
rust fungus Puccinia canliculata and registered in the United States to control Cyperus 
esculentus (yellow nutsedge). Stumpout® is a stump-treatment product based on the 
wood-infecting basidiomycetes, Cylindrobasidium laeve is registered in South Africa to 
control resprouting of cut trees in natural and trees plantation areas. CAMPERICO® an 
isolate of a wilt-inducing bacterium, Xanthomonas campestris pv. poae, is registered in 
Japan for the control of annual bluegrass in golf courses (Charudattan & Dinoor 2000). 
Although research is continuous on many potential bioherbicides, problems with mass-
production, formulation and commercialization continue to prevent their implementation 
(Cook 1996; McFadyen 1998; Charudattan & Dinoor 2000). 
The requirements for an effective augmentation program must include a 
comprehensive understanding of the natural enemies involved, the biology and 
population dynamics of the target weed(s), the optimum requirements for delivery of the 
natural enemy, the optimum conditions for subsequent infestation of the target weed 
population, and the complex interactions within the host-parasite or host-pathogen 
system (Watson 1993). The integrative approach is not yet well-defined, but usually 
incIudes practices and applications to enhance or conserve the biocontrol agent (Kennedy 
and Kremer 1996). Biological control organisms are most often host specifie and usually 
control only one weed species, and this is one oftheir commercial limitations. Different 
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strategies may be used to overcome this limitation by enhancing the effectiveness and 
acceptability of the bioherbicide. The combination with other methods including hand 
weeding, mechanical habitat management or low rates of chemical herbicides are 
required to obtain a wide spectrum control of common weed species associated with 
most crop production systems (Watson 1993). The use oflow rates of the chemical 
herbicide 2,4-D with Sclerotinia minor as a mycoherbicide was found to be synergic and 
effective to control dandelion (Schnick et al. 2002). In Europe, successful control of 
Chenopodium album in maize and sugar beet crops was achieved by combining the 
pathogen Ascochyta caulina with a phytotoxin produced by the same fungus (Müller-
Scharer et al. 2000). The one-weed-one-bioherbicide can be replaced by a multiple-
pathogen strategy using a mixture of host specific pathogens, each one controlling a 
specific group of weeds (Chandramohan et al. 2002; Chandramohan & Charudattan 
2003; Hallett 2005). 
Biological weed control takes advantage ofbiotic factors that influence the 
distribution, abundance, and competitive abilities of plant species. It is successful when 
the weed, the biocontrol agent and the environment interact in such a manner that weed 
control or suppression occurs (Kennedy & Kremer 1996). Many authors (Burpee 1990; 
Daecon 1991; Watson 1993; Kennedy & Kremer 1996; Cousens & Croft 2000; Headrick 
& Goeden 2001) focused on the understanding of the environment around the biocontrol 
agent and the target host to promote successful biocontrol processes. 
Recently problems associated with classical biological control have been raised as 
the biocontrol agent may move from its target plant to attack closely related native plant 
species. The musk thistle weevil has been introduced across the United States to control 
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musk thistle (Carduus nutans), a serious weed of pastures, rangeland and other non 
cultivated areas. The weevil has been successful in suppressing musk thistle infestation 
but also exploited five native thistle species in the V.S. national parks and nature 
conservancy preserves (Louda et al. 1997). The authors concluded that greater caution 
with regards to environmental costs must be considered when evaluating biocontrol 
agents. The breadth of diet, potential host range and ecological effects need to be 
investigated and then carefully weighed against the environmental costs of the pest and 
of alternative management options. Non-target effects of fungal pathogens used as 
biocontrol agents were also reported, e.g. Rhizobium spp. caused reduction in 
mycorrhizal root colonization ofplants and disordered commercial mushrooms (Brimner 
& Boland 2003). However McFadyen (1998) indicated that biocontrol offers the only 
safe economic and environmentally sustainable solution. Moreover Headrick & Goeden 
(2001) proposed that biological control could be a useful tool for restoration and 
maintenance of ecosystems that are in ecological de cline due to destruction by pests. 
While the classical biocontrol method is the most safe, practical, economically 
feasible, and sustainable in the long term (Watson 1993; McFadyen 1998), the current 
popularity of inundative biological control may result in problems, as application 
activities will be executed by untrained persons (van Lenteren et al. 2003). Therefore a 
comprehensive methodology for environmental risk assessment of exotic natural enemies 
used in inundative biological control has been proposed (van Lenteren et al. 2003). 
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2.2.2. Ecological interactions and weed biological control 
Ecology and weed science have developed separately but looking for applied answers 
from ecologically based questions about weed invasion and control is the major interest 
ofweed ecologists (Booth et al. 2003). Ecological principles and concepts are necessary 
to understand the nature of weediness. Once this understanding is established, it is 
possible to investigate the relationships and interactions that exist among environment, 
weeds, and crops in agro-ecosystems. However, without considering the ecological 
foundation, weed management may fail, becomes worse and/or instigates economical and 
environmental impacts (Booth et al. 2003). 
AIl populations have intrinsic potential for exponential growth when environmental 
regulation is lacking (Begon & Mortimer 1986). A weed infestation is a plant population 
lacking negative feedback control to compensate for the positive response of 
reproduction and growth (Radosevich et al. 1997). Negative regulation cou Id be related 
to food webs, nutrient cyc1ing, individual response to density and so on, as an example, if 
the soil is fertilized, the negative response to nutrient deficiency is removed; therefore a 
plant population outbreak occurs because ofthe of positive feed pack of the fertilizer 
(Radosevich et al. 1997). The lack ofnegative regulation in a system also may occur ifa 
new exotic species is incorporated into the system, this is why many invasive species 
become troublesome weeds (Booth et al. 2003). 
Weed infestation in a field is defined by four parameters: the number of species 
present, the genetic diversity of each species, the density of each species, and the 
distribution of the species across the field (Radosevich et al. 1997). While the number of 
species in a field remains relatively constant from year to year, the other factors fluctuate 
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widely in response to environment, pathogens, cultural practices and weed management 
tactics (Blackshaw et al. 2001; Cousens & Croft 2000; Busey 2003). It is the continuaI 
changes in weed population that make successful weed control such a difficult task to 
consistently achieve (Hartzler 2000). 
Within a weed population, the individuals are found in various functional stages, 
interacting with each other, with populations of other speeies and with the environment 
(Radosevich et al. 1997). Moreover a weed may affect other organisms by ehanging 
their survival and growth or changing one or more of eeosystem processes like nutrient 
cycling (Booth et al. 2003) Plant demography is the study ofhow plant populations 
change in size and structure during various stages oftheir life cycle. It is possible, using 
demographic principles, to assess how weed populations might change through time or 
respond to perturbation in their habitat or environment (Radosevich et al. 1997). 
Seasonal and long term population dynamics have been studied under different 
weed management tactics including tillage and crop rotation (Johnson and Mullinix 
1997; Felix & Owen 1999; Blackshaw et al. 2001; N'Zala et al. 2002), crop spacing and 
spatial distribution of weeds (Darwent & Elliott 1979), grazing intensity (Harker et al. 
2000), and herbicide application methods (Johnson and Mullinix 1997; Felix & Owen 
1999; Femandez-Quintanilla et al. 1987). Results ofthese studies suggested that the 
development of integrated weed management systems is a complex task and must be 
supported by thorough understanding of the dynamics of weed populations through 
changing weed coverage, density, species composition and distribution in response to 
agronomie practices. Therefore, in order to develop effective and economical weed 
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control measures, it is important to study the weed fiora and their dynamics during the 
crop cycle (Fernandez-Quintanilla 1988). 
Several CUITent publications (Burpee 1990; Deacon 1991; Kennedy & Kremer 1996; 
Radosevich et al. 1997; Cousens & Croft 2000) considered the importance of studying 
ecology and population dynamics of weeds to enhance weed biocontrol programs, but to 
my knowledge, no specific study has been published. Burpee (1990) reviewed the impact 
of abiotic factors on interactions among soil-borne plant pathogenic fungi, and microbial 
antagonists and he emphasized the effect of edaphic factors on disease or pathogen-
suppressive activities ofmicrobial antagonists, rather than population dynamics ofthese 
orgamsms. 
Fernandez-Quintanilla (1988) discussed the different approaches available to 
analyze the population dynamics ofweeds depending on levels ofcomplexity. The 
method of long-term studies is the simplest lev el and involves monitoring a single 
component of the population throughout several seasons, determining population trends 
and rates of changes. This approach was recommended by the author to describe the 
effects of certain management practice on a weed population (Fernandez-Quintanilla et 
al. 1987). 
2.3. Turfgrass 
2.3.1. Turfgrass industry 
Turfgrasses are grasses that act as a vegetative ground cover with numerous recreational 
and aesthetic benefits for human and serve a functional environmental purpose by 
preventing soil erosion (Beard & Green 1994). Turfgrass offers more advantages to life, 
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it releases significant amount of oxygen into the air, causes about 50% cooling effects of 
sun's heat through transpiration and it helps to remove air pollutants and dust particles 
from the atmosphere (Emmons 1995). 
Turfgrasses have been utilized by humans for more than ten centuries but a 
revolution of turf industry has been evolved primarily during the past three decades in 
parallel with modem civilization and urbanization (Walsh et al. 1999). Turfgrass is the 
major vegetative ground cover in the American landscape with an estimate of more than 
46 million acres (~18.6 ha) of turf represented by 93 million dwellings including home 
lawns, commerciallawns, golf courses, athletic fields, parks, campuses, recreational 
areas and roadsides (Monaco et al. 2003). While most of the households participate in 
do-it-yourselflawn care, about 9.3 million lawns are maintained by professionallawn 
care operators (Monaco et al. 2003). The annual expenditure for maintaining turfgrss in 
the USA was conservatively estimated to be $45 billion (Beard & Green 1994). Robbins 
& Birkenholtz (2003) estimated the lawn coverage of Franklin County, OH as 23% of 
land cover and discussed the implications ofthis expansive turf coverage on replacement 
of natural and agriculturallands. They concluded significant impacts regarding chemical 
exposure, water and energy demands and wildlife conservation. 
Turfgrass species grown in North America are categorized as either cool-or warm-
season grasses. Cool-season grasses have a C-3 photosynthetic pathway and are more 
common to Canada and the Northem United States (Anderson 1996). Cool-season 
grasses include Kentucky blue grass, fine fescues, tall fescues, creeping bentgrass and 
perennial ryegrass. The most important and widely used in North America is Kentucky 
blue grass (Poa pratensis) , it was introduced to North America from Europe in the 
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1600's (Emmons 1995). The turfgrass seed market is the second large st market after 
hybrid corn seeds as there are 14000 golf courses in the US alone and 300 new golf 
courses are constructed annually (Lee 1996). 
2.3.2. Turfgrass weeds and management 
As a man-made or man-interfered environment, weeds invade turfgrass. Weeds often are 
symptoms ofa weakened turf, not the cause ofit (McCarty et al. 2001). In general a 
dense healthy grown turfgrass is the best defence against weed colonization (Monaco et 
al. 2002; Busey 2003). Therefore weeds are mostly found where soil has been exposed or 
disturbed by compaction (e.g. side walk edging) or in a weakened turf because of adverse 
environmental conditions, pests or irnproper selection of not adapted grass species to a 
local environrnent (McCarty et al. 2001). However weed seeds could be introduced to the 
turf any tirne by various ways of seed dispersal and nearly every lawn has weed problerns 
and needs sorne degree of management (Monaco et al. 2002). Weed species common to 
turfgrass vary with geographic regions, but many are common to more than one region 
(Anderson 1996). McCarty et al. (2001) described 73 grass and grass-like and 145 broad-
leaf species as weeds in turfgrass environments. 
The most obvious impact of weeds on turf areas is the competition for light, soil 
nutrients, soil moisture and physical space which may lead to replacement of turf by 
weeds and disturbs the visual turfuniforrnity due to different growth habits, different leaf 
shape and size or color contrast (McCarty et al. 2001). Sorne common weeds are 
poisonous if consumed (e.g. black nightshade); cause inflammation when touched (e.g. 
stinging nettle, poison ivy) or cause allergie reaction (e.g. cornrnon ragweed). Turfgrass 
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weeds also can harbour pests such as plant pathogens, arthropods and rodents (Anderson 
1996; McCarty et al. 2001). 
Cultural management involves turfgrass selection and planting, irrigation, 
cultivation, fertilization and mowing and hand weeding. The proper use and time of each 
of these cultural practices depend on the turf species and the environment. Although 
cultural practices do not eliminate weeds, they are a necessity to reduce dependence on 
synthetic herbicides (Busey 2003). Hand weeding is the oldest practice ofweed control 
but the strength and/or depth of the vegetative reproductive parts of perennial weeds 
make them difficult to be removed and remaining parts can resprout (Anderson 1996). 
Chemical management ofweeds in turfgrass originated about 1895 (Hansen 1921: 
cited in Busey 2003) but substantial use of chemicals began after the discovery of 2,4-D 
in 1944. Herbicide application could be before planting or after turf establishment 
(Monaco et al. 2002). 2,4-D is widely used and if applied properly, it controls a number 
of broadleafweeds without adverse effects on the grass (Emmons 1995). Mixtures ofat 
least two of2,4-D, mecoprop (MCPP) [(±)-2-(4-chloro-2-methylphenoxy) propioinic 
acid] , dicamba, triclopyr {[(3,5,6-trichloro-2-pyridinyl)oxyl]acetic acid} and clopyralid 
(3,6-dichloro-2-pyridinecarboxylic acid) are commonly used and ensure better broad-
spectrum weed control (Emmons 1995). Recently there has been increased public 
concem raised conceming the possible adverse environmental effects of lawn pesticides 
(see section 2.4.4.2). 
Recent studies have shown selected microorganisms to be promising bioherbicides 
to control certain weeds in turfgrass systems. Examples include Xanthomonas campestris 
pv. poannua to control annual blue grass (Johnson et al. 1996); Bipolaris setaria and 
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Pyricularia grisea to control goosegrass (Figliola et al. 1998); Sclerotinia minor (Ciotola 
et al. 1991; Riddle et a1.1991) and Phoma herbarum (Neumann & Boland 1999) to 
control dandelion. Corn gluten hydrosylate has been shown to have herbicidal activity on 
crabgrasses and germinating seeds ofother species (Christians 1991). 
A multiple management approach to control weeds has evolved, integrated weed 
management (IWM). This approach combines available control measures (cultural, 
chemical, biological and ecological) to attain successful weed control with minimum 
environmental impact. Synergie efficacy was recorded using reduced herbicide rates 
combined with a pathogen (Schnick et al. 2002; Schnick & Boland 2004) or with 
mowing (Lowdey & Marrs 1992). Integrating a pathogen with interspecific competition 
from a crop or a coyer crop (Guntli et al. 1999; Story et al. 2000) or combining a 
pathogen with mechanical cutting or defoliation (Green et al. 1998; Kluth et al. 2003) 
exerted more suppressive effect on weeds than the pathogen alone. 
2.4. Dandelion (Taraxacum officinale Weber ex wigger) 
2.4.1. Distribution and habitat preference 
Dandelion is a herbaceous perennial plant belongs to Asteraceae. It is successful in 
colonizing a broad range of c1imatic conditions and found in almost every cold, 
subtemperate, temperate, and subtropical regions of the world (Solbrig & Simpson 1974; 
Holm et al. 1997). Dandelion has been reported in over 60 countries worldwide (Holm et 
al. 1997). The species is native to Eurasia and was introduced to North America by 
European settlers probably in the 17 century (Solbrig & Simpson 1974). 
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The first Canadian collection of Taraxacum officinale was made in Montreal, QC in 
182l (Rousseau 1968). Dandelion has been reported throughout Canada including almost 
all isolated regions (Stewart-Wade et al. 2002b). 
Dandelion is commonly found on disturbed soils and has become a common weed 
infesting home lawns, turfgrass swards, pastures, forages, golf courses, athletiè fields, 
wood areas, and roadside verges (Stewart-Wade et al. 2002b). Dandelion is somewhat 
unique in colonizing habitats with widely variable environments. It can grow in a wide 
range ofsoil types (Simon et al. 1996), wide range ofsoil pH (Von Hofsten 1954), resists 
drought (Von Hofsten 1954), and adapts to a wide range of light and shade intensity 
(Longyear 1918). 
2.4.2. Description, competitiveness and intraspecific variations of dandelion. 
Dandelion was described by Bouchard and Neron (1999) as follows: 
"Leaves are elongated, margins wavy-toothed to deeply divided, irregular 
segments, margins usually toothed. The leaves are variable in shape from one plant 
-: to another, usually hairless but may also be hairy. Leaves are aIl arranged in a 
rosette at the base of the plant. No stems appear but hollow floral scapes, 5 to 30 
cm high arise from the center of the rosette. Plants have very strong tap roots and 
yellow single flower heads. Seeds have a white long beaked pappus and are wind-
dispersed" . 
Phenotypic plasticity in dandelion increases its ability to colonize a wide range of 
habitats (Stewart-Wade et al. 2002b). The variable growth habits of dandelion rosettes, 
the strong deep taproot, and the high seed potential are responsib le for the strong 
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competitive abilities of dandelion. The rosette growth habit of dandelion can spread flat 
on the ground surface or be more or less erect tufts enabling dandelion to survive weather 
conditions, grazing, mowing and competition with grasses (Longear 1918; Baker 1974; 
Lovell & Rowan 1991). 
The thick, branched taproot can be 2-3 cm in diameter, grows up to 1-2 m in length 
(Von Hofsten 1954; Solbrig 1971), and extends below the 1evel of grass roots, making it 
difficult to remove manually (Lovell & Rowan 1991). It is surmounted by a highly 
divided crown, which can produce up to 22 branches depending on plant age and 
crowding factor (Roberts 1936). The root is high1y regenerative, producing shoots and 
roots from small segments (Emmons 1995), and has the ability to overwinter, as the 
crown is contractile at the end of the growing season, drawing the crown be10w the soil 
surface, providing protection against the harsh winter (Longyear 1918). The 
parenchymaous cells of the secondary phloem and xy1em in the roots are able to deve10p 
into new shoots and roots (Higashimura 1986). Bioassay of root extracts showed that 
relatively high auxin and cytokinin activities were present compared with gibberellin 
(Booth & Satchuthananthava1e 1974). 
From the basal rosette of a dandelion plant, one to numerous glabrous, hollow 
cylindrical scapes (5-50 cm tall) are able to ri se (Hoim et al. 1997). The scape bears a 
single terminal capitulum of2-5 cm diameter and composed ofup to 250 ligu1ate, perfect 
yellow florets (Holm et al. 1997). In dandelion, there is no distinction between ray and 
disc-florets either in appearance or function with all florets being ligulate and equally 
fertile (Roberts 1936). Most pollen grains of dandelion are abortive, sterile and cannot 
form pollen tubes (Solbrig 1971) so the seeds are develop without ferti1ization (Roberts 
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1936). Ford (1981) found that the number of inflorescence/plant, number of 
seeds/inflorescence and consequently the number of seeds/plant vary with the habitat of 
this agamospecies. In a heavily infested area in Canada, 48-146 inflorescence/plant 
(average 93) and 130-412 seeds/inflorescence (average 252) were recorded, resulting in 
an average of 23,436 seeds/plant produced in a growing season (Roberts 1936). Bostock 
& Benton (l979) reported lower fecundity in the United Kingdom with an average of 
12.2 inflorescence/ plant and 2,170 seeds/ plant. 
Dandelion scapes elongate significantly to enhance dispersal and the seeds have 
pappi that further aid in wind dispersal (Radosevich et al. 1995). The papus serves as a 
parachute and causes the relatively low falling velocity of about 0.38 m S-1 (Tackenberg 
2003). Sheldon and Burrows (1973) correlated dandelion seed dispersal with wind speed 
while Tackenberg et al. (2003) conc1uded that the long-distance (more than 100 m) 
dispersal of dandelion seeds is mainly caused by convective updrafts rather than wind 
speed. Dandelion seeds are also dispersed in the excreta of animaIs like horses, cattle, 
and birds and by water via irrigation ditches (Radosevich et al. 1995). 
. -:A physiological competitive feature of dandelion is its capability to manipulate the 
root carbohydrate reserve according to seasonal fluctuation and so the plant can adapt to 
temporal environmental stresses over other plants in the cornmunity (Wilson et al. 2001). 
According to the authors, understanding this feature may allow better timing of a control 
method. 
The genus Taraxacum consists of 200 closely related species, 90% of which are 
polyploids and reproduce asexually by obligate agamospermy while the majority of the 
10% are diploids reproduce sexually as obligate outcrossers, the remainder are primitive 
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self-fertilized species (Hughes & Richards 1985). Indications of co-existence of sexual 
and agamospermous reproduction within the same agamospecies are also present 
(Hughes & Richards 1985). Both sexually and asexually Eurasian lineages are subjected 
to be introduced in the New World but only the asexual triploids (3n= 24) have 
successfully been able to colonize and reproduce via agamospermy (King 1993). 
Apomictic offspring are genetically identical and not expected to exchange genes but 
extensive intraspecific variation in North American dandelion populations is weil 
documented in the literature (Stewart-Wade et al. 2002b). Significant differences in 
floral stage timings among different clones of North American dandelions were found 
when grown under a constant set of environmental conditions (Collier & Rogstad 2004). 
Dandelions are very plastic, but very difficult to determine morphologically (Solbirg 
& Simpson 1974), therefore studies focused on allozymes to identify different biotypes 
of dandelion. In a local Michigan study, four genotypes were identified using isozymes 
analysis (Solbrig 1970), whereas 21 genotypes were identified in a comprehensive 
examination of allozyme diversity in North American dandelions (Lyman & Ellstrand 
1984). van Oostrum et al. (1985) considered North American dandelion populations as 
composed of a mixture of clones, only a few of them being widespread. DNA analysis 
techniques have the potential to discriminate among clonaI individuals that are not 
detected to be different with allozyme assays (Falque et al. 1998; Rogstad et al. 2001; 
van Dijk et al. 2003). 
The morphological and genotypic variations among dandelion lead to its complex 
taxonomy (Small & Catling 1999). The genus is dealt with as many micro-species in 
Europe while as one species exhibiting considerable phenotypic plasticity in North 
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America (Richards 1973). The cause ofphenotypic plasticity or genetic diversity in 
dandelion could be due to multiple introductions of European microspecies (Taylor 
1987). King (1993) used restriction enzyme analysis ofribosomal DNA and chloroplast 
DNA to assess the source of genetic variation and conc~uded that multiple hybridization 
among microspecies populations, prior to their introduction to North America, was of 
greater importance than mutations in populations. In contrast, Rogstad et al. (2001) used 
genetic markers to examine the population structure of the central North American 
dandelions and suggested evidences that this diversification is more likely to be due to 
the steady accumulation of mutations rather than occasional sexual exchange. 
2.4.3. Dandelion as a beneficial plant 
This topic is beyond the subject of this research, however dealing with the biocontrol 
from an ecological point ofview, the beneficial role of dandelion in our society and 
environment must be noted. Dandelion is one of the oldest medicinal plants with 
increasing significance oftherapeutic, nutrition and beverage industries. Recently 
scieRtific reports have confirmed the traditional application of dandelion root extracts for 
therapeutic and nutritive uses and so a new pro gram has been initiated at Laval 
University, Quebec, to introduce organic production of dandelion for commercial 
purposes (Letchamo & Gosselin 1995). Dandelion is also known as diuretic (Racz-kotilla 
et al. 1974); eliminates liver toxins, lowers cholesterol and blood pressure (Mattem 
1994), and decreases body weight in obese patients (Dalby 1999). A potentially valuable 
source of antioxidant and bioactive materials were found in dandelion flower (Hu & Kitts 
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2003). In Canada, dandelion is one of 14 plant extracts in a health tonie sold under the 
brand name ofMATOL (Michaud et al. 1993). 
The nutritive value of dandelion leaves and flowers have received the attention of 
scientists regarding human consumption (Kuusi et al. 1 ?84a & b). In Toronto alone, 155 
tonnes of dandelion leaves were marketed as a salad green in 1988 and 1989 (Letchamo 
& Gosselin 1995). Extracts from dandelion have been used in cheese preparation 
(Akuzawa & Yokoyama 1988) and also in soups, beverages and as a coffee substitute 
(Stewart-Wade et al. 2002b). Dande1ion has enough nutritive materia1s to exceed the 
established requirement for catt1e (Bergen et al. 1990); it has a good digestibility and 
mineraI availability for sheep (Derrick et al. 1993) and it's an excellent source of nectar 
for honey bee foraging (Mayer and Lunden 1991). The infusion of dandelion roots cou Id 
be used as a source of carbon and energy for bifidobacteria due to its contents of 
oligofructans, glucose and fructose (Trojanova et al. 2004). 
The global distribution of the common dandelion along with its ability to tolerate a 
wide range of environmental conditions and the analysis ofheavy metals contents in the 
leav.l';!s make this species a particularly attractive candidate to evaluate its value as a 
biological monitor of environmental metal pollution since the accumulation ofheavy 
metals corresponds to extent environmental pollution (Kulev & Dzhingova 1984; 
Rogstad et al. 2000; and Keane et al. 2001). Polychlorinated biphenyls were found to be 
accumulated in dandelion in the conditions of soil contamination with oil derivatives 
(Malgorzata & Boguslaw 2001). Polycyc1ic aromatic hydrocarbons were also monitored 
using dandelion (Ma1awska & Wilkomirski 2001). Trace metals like Cd, Cu, Mn, Pb, and 
Zn were also detected in dandelion to assess the pollution for Montreal Urban soils (Marr 
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et al. 1999). The beneficial values of dandelion recommend the use of biocontrol or any 
other natural approach to suppress dandelion population rather than to eradicate it. 
2.4.4. Dandelion as a problematic weed 
Dandelion is a common weed that infests terrestrial habitats with widely variable 
environments. It is a noxious weed in pastures, forages, orchards, lawns, golf courses, 
municipal parks, and road sides (Ho lm et al. 1997). The biological traits that favours 
survival in these habitats are often contradictory, thus a trait that favours survival in an 
agricu1tural field cou1d be unfavourable for survival in turfgrass (Solbrig & Simpson 
1974; 1977). Genetic variability within dandelion populations was found to be an 
effective tool in regulating the population through different degrees of competitiveness 
and survival in response to pressures from interspecific competition (Vavrek 1998) and 
disturbances (Solbrig & Simpson 1974). 
As an agricultural weed, it's known to reduce the yields of several crops as corn 
(Hartwig 1990), wheat (Ahmad 1993), alfalfa (Waddington, 1980), and spring cano la 
(Fr~se & van Acker, 2003). Dandelion described as a prevalent weed in annual cereal 
and oil seed crops in Western Canada (Derksen & Thomas 1997). It is among the 
toughest weeds to control in reduced and no tillage fields and this was explained by the 
possibility of being trapped by the high amount of crop residues present in these types of 
fields (Frick & Thomas 1992). The high water content in dandelion tissues, especially the 
stems and ribs, causes the slow drying ofhay and reduces its quality (Moyer et al. 1990). 
Dandelion acts as an alternative hosts for several pests (as reviewed by Stewart-
Wade et al. 2002b) and as an allergen causing allergie contact dermatitis (Goulden & 
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Wilknson 1998). In turfgrass systems, dandelion interrupts uniformity and limits the 
grass density (Riddle et al. 1991) and it is undesirable weed causing aesthetic problems 
during flowering and seed production period (Hoim et al. 1979). 
2.4.4.1. Cultural management practices to control dandelion 
Cultural managements include fertilization, mowing, irrigation, cultivation and selection 
of proper turfgrass species have been practiced to control weeds in turfgrass (Busey 
2003). Although extension recommendations often indicated that, a dense healthy 
turfgrass accompanied by proper mowing, watering and fertilization is the best defence 
against weed colonization but this often stated in generalities or based on a scant 
published research (Busey 2003). 
A high rate ofnitrogen fertilization (100-300 kg N ha-1yr-1) reduces population of 
dandelion and other broadleafweeds in cool-season turfgrass (Murray et al. 1983). 
Mowing every two weeks did not prevent dandelion colonization in Kansas and 
dandelion was able to develop stands of 32 to 63 plants m-2 and buffalograss was the 
m0st. competitive with dandelion compared to bentgrass and bermudagrass (Timmons 
1950). In Ontario, Kentucky blue grass was the least and perennial ryegrass was the most 
competitive with dandelion among six turf species studied (Hall et al. 1992). Manual 
removal of dandelions using a special tool has been of limited value since a remained 
piece of root, covered by 5-10 cm of soil readily propagates a new plant (Falkowski et al. 
1989). Interspecific competition also may exert a biological suppression on weed species. 
Density and abundance of dandelions were positively correlated with potassium level in 
its tissues and the use ofpotassium-free lawn fertilizer decreased dandelions because of 
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increased competition from grasses (Tilman et al. 1999). In a competitive environment, 
the growth of all five T officinale genotypes reduced to the least with Poa pratensis 
Kentucky bluegrass relative to other competitors Plantago major and Trifolium pratense 
(Vavrek 1998). 
2.4.4.2. Chemical control of dandelion 
The generally accepted practical CUITent method of dandelion control has been the use of 
chemical herbicides. Repeated applications of dicamba or phenoxy herbicides such as 
2,4-D and mecoprop or a combination product such as ''KILLEX™,, are extensively used 
for dandelion control (Anonymous 1997). Combination products are normally 
recommended to control a wide spectrum of broadleafweeds (Emmons 1995). The major 
herbicidal effects are achieved by 2,4-D which causes epinasty, ceU elongation, 
chloroplast damage, ethylene evolution, and increased biosynthesis of A TPase, nucleic 
acids and proteins (Ashton & Crafts 1981). 
2,4-D represents the most common herbicide used for domestic purposes (non-
agriooltural sectors) in Canada and USA (Watson 2003). According to the United States 
Environmental Protection Agency (EPA) (2004) the quantities ofyearly active 
ingredients of2,4-D used for home and garden purposes were ranged as 3.6-5 Million kg 
based on 1999-2001 estimates. In Canada one tenth ofthese amounts are expected to be 
applied yearly (A. K. Watson personal communication). In Alberta alone 44 tonnes of 
herbicides were applied on home lawns and about 3.5 tonnes of herbicides were applied 
in Calgary national parks in 1998 (Alberta Environmental Protection 2001). 
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Generally speaking, the intensive use of synthetic chemical pesticides has resulted 
in increased environmental sustainability concems (Robbins & 8irkenholtz 2003), but 
more public awareness and concems have been developed specifically on the use of 2,4-
D and other lawn pesticides (Riddle et al. 1991). This primarily due to the proximity of 
the site of application to the site of human occupation, this leads to chronic exposure and 
persistence indoor contamination (Robbins & 8irkenholtz 2003). The effect ofthese 
toxins upon human and specifically children is still not well investigated but surveys 
showed that children living in homes where pesticides were used have seven times more 
likely to develop childhood leukemia (Meyer & Allen 1994). The toxicity of2,4-D was 
ranged as slight to high for birds, fishes and insects (USEP A 2001) and is known to 
cause mutations, birth defects, sorne damage to liver, kidneys and central nervous system 
as well as it is suspected to be carcinogenic (Meyer & Allen 1994). Moreover the 
carcinogen "dioxin" was detected in certain formulations of 2,4-D (Cochrane et al. 
1981). On the other hand, under frequent lawn irrigation, 2,4-D, dicamba and MCPP 
were detected in the leachate and this can have impact on the movement of these 
herbicides through soil profiles causing water contamination (Starrett et al. 2000). A 
United States survey revealed the detection of one or more pesticides in 99% of urban 
stream samples (US Geological survey 1999 cited in: Robbins and 8irkenholtz 2003). 
AH of the above mentioned health and environmental concems imposed sorne 
municipal govemments in Canada, USA and other countries to restrict or ban the use of 
2,4-D and related herbicides in residential and public properties (Riddle et al. 1991; 
Tompkins et al. 2004; Cox 1999). This new situation has brought a new type ofresearch 
emphasis to find natural substitutes for the turf chemical herbicides. 
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2.4.4.3. Biologically based and biological control of dandelion 
Corn gluten me al is being marketed in the United States as a naturally occurring pre-
emergent herbicide and a nitrogen source (Christians 1991). In Canada, this product has 
recently obtained a temporarily registration as TurfMaize® and reported to be effective in 
controlling crabgrasses and sorne control of certain broad leafweeds (Tompkins et al. 
2004). When applied, under glasshouse conditions, as a minimum as 324 g m-2, corn 
gluten meal reduced survival of dandelion emergence by 75% of the control (Bingaman 
& Christians 1995). The active ingredients in this product are the dipeptides glycinyl-
glycine and alaninyl-alanine which found to inhibit the root formation of susceptible 
species (Liu & Christian 1996). 
The limitations of corn gluten meal as a natural herbicide to control dandelion are: 
1) it inhibits root growth of germinating seeds but doesn't damage plants that have 
formed a mature root system (Christians 1991).2) While published data indicated an 
accepted control for crabgrasses and perennial ryegrasses, the performance of this 
product on broadleaf species under field conditions is not clearly defined (Liu et al. 1994; 
Christians 1991; Bingaman & Christians 1995; Liu & Christian 1996).3) The cost of 
using corn gluten meal is very expensive $4 1 8/acre, compared to synthetic herbicides 
which can be as low as $30/acre (Wilen & Shaw 2000). 4) Finally it's insoluble in water 
rendering it difficult to apply as an herbicide, so that the development of "gluten 
hydrolysate" (corn gluten meal hydrolyzed by proteinases) caused greater inhibition of 
germinating seeds and root growth (Liu et al. 1994). 
Vertebrate herbivores which feed on dandelion cou Id be used as biocontrol agents in 
certain agro-ecosystems. Müller et al. (1999) found that sheep and geese are good 
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biocontrol agents, with sheep being superior in suppressing dandelion in Christmas tree 
plantations. Several insects have been reported to survive and feed on dandelion that may 
have biological control potential (Stewart-Wade et al. 2002a). These include the weevil 
Ceutorhynchus punctiger Gyllenhall (McA voy et al. 19,83), the potato leathopper, 
Empoascafabae (Harris) (Lamp et al. 1984), root-feeding larvae of the Japanese beetle, 
Popillia japonica Newman, the southem masked chafer, Cyclocephala lurida Bland 
(Crutchfield & Potter 1995), and the cynipid wasp, Phanacis taraxaci (Ashmead) 
(Bagatto et al. 1996). According to my knowledge neither the evaluation of suppression 
level nor the host specificity and key mortality factors has been studied for any of the 
above mentioned insects. 
Phoma herbarum is a fungus has been reported as a potential bioherbicide for 
dandelion in turf environment (Neumann & Boland 1999). Four-week-old dandelions 
were significantly more susceptible to P. herbarum than oIder life stages and the use of 
mycelial suspension cause more severe disease than conidia (Neuman & Boland 2002). 
Variation in disease intensity and efficacy of P. herbarum under field conditions 
demenstrate the need to characterize optimal application conditions and formulations 
(Neumann & Boland 1999; Stewart-Wade et al. 2002a). Phoma macrostoma was also 
reported as a potential bioherbicide for dandelion and Canada thistle in turfgrass (Bailey 
et al. 2003). Interestingly Schnick & Boland (2004) found that sequential treatments of 
sub lethal rates of 2,4-D and Phoma herbarum were synergie for dandelion control. 
Riddle (1989) reported that 8-week-old dandelions were highly susceptible to 
infection by strains of Sclerotinia sclerotiorum and S. minor isolated from various host 
species. Diseases caused by S. sclerotiorum and S. minor were most severe for dandelion 
--'""'"-.\ 
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under cool wet conditions (Riddle et al. 1991). Positive correlations between isolate 
virulence and reduction in the number of dandelion plants in inoculated turfgrass swards 
were observed. Another isolate, virulent on dandelion and plantain (Plantago major L.), 
was also evaluated for broadleafweed control in turfgr<;tss (Ciotola et al. 1991). 
Burpee (1992) tested the efficacy of nine granular formulations of a bioherbicide 
containing the fungus S. sclerotiorum on vegetative growth from dandelion tap roots 
after incubation in a controlled environment. Two granular formulations inhibited the 
production of new petioles and leaves from treated tap roots after 96 h when grown at 
23°C and provided 100% relative humidity. 
A collaborative project in Canada involving three academic institutions (University 
of Guelph, Mc Gill University, and Nova Scotia Agricultural College) and three industrial 
partners (Dow AgroScience Inc., BioProducts Centre Inc., and Saskatchewan Wheat 
Pool) was established to develop a bioherbicide targeting dandelion in home lawns 
(Stewart-Wade et al. 2002a). After screening the fungal pathogens of dandelion, the 
organisms with the highest potential were chosen, formulated and tested under controlled 
and ...,three different field environments (Ontario, Quebec and Nova Scotia) (Stewart-
Wade et al. 2002a). Two sol id formulations of Sclerotinia minor MACI (refers to 
Macdonald Campus, McGill University) containing mycelium in sodium alginate 
granules (Brière et al. 1992) and mycelial-colonized barley grits (Ciotola et al. 1991) 
were found to be the most effective formulations. In addition, MAC1 did not infect any 
of the turfgrass species tested, the transfer of infection to lettuce (a common highly 
susceptible host) requires direct contact, and the potential for infection of common 
garden plants was minimal (Stewart-Wade et al. 2002a). Sequential treatments of sub 
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lethal rates of 2,4-0 and S. minor were synergic for dandelion control (Schnick et al. 
2002). An attempt to enhance the virulence of the granular S. minor formulation by 
maximizing the available amount of oxalic acid was conducted by Brière et al. (2000). A 
330% increase in oxalic acid was obtained using modif!.ed Richard's solution (MRS) plus 
sodium succinate as compared to MRS alone, and a concomitant increase in virulence of 
218% was expressed as increased les ion diameter. Currently, ongoing studies are 
investigating product costs, storage conditions, application timing, and health and 
environmental safety ofthis potential bioherbicide (A.K. Watson personal 
communication). 
2.5. The fungus: Sclerotinia minor Jagger 
As mentioned above, this fungus is a promising bioherbicide candidate for controlling 
dandelion in turfgrass systems. Of the five plant pathogenic species of the genus 
Sclerotinia, only S. sclerotiorum and S. minor have been reported in Canada (Bardin & 
Huang 2001). S. sclerotiorum, S. trifoliorum and S. min or, three closely related species, 
diffoc in mycelial, sclerotial, apothecial, morphogenetic, cytological, and electrophoretic 
characteristics, host ranges, and main mode of field infection (Willetts & W~mg 1980). 
S. minor Jagger (class: Oiscomycetes, order: Helotiales, Family: Sclerotiniaceae) is 
a soil-bome plant pathogen that can cause substantiallosses in several crops particularly 
lettuce, Lactuca sativa L. (Melzer et al. 1997). Losses of 10-50% in lettuce are common 
(Melzer & Boland 1994) but losses up to 75% have been reported (Beach 1921: cited in 
Melzer et al. 1997). S. minor also causes economic los ses in other crops, including 
peanut, chicory, green bean and sunflower (Abawi & Grogen 1979; Wadsworth & 
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Melouk 1985; Melzer et al. 1997). In Canada, S. minor has only been reported as a 
pathogen on lettuce crop in Quebec and Ontario (Bardin and Haung 2001). Surveys 
conducted from 1989 to 1991 in HoUand Marsh, Ontario, indicated that S. minor was the 
most prevalent pathogen causing lettuce drop (Melzer ~t al. 1993). Disease caused by S. 
minor is characterized by rapidly expanding ofwatery, soft-rot les ions on the leaves and 
crown area of infected plants followed by the appearance of small (0.5-2 mm diameter) 
black sclerotia (Jagger 1920: cited in Melzer & Boland 1994). The crop canopy 
microclimate has no effect on the epidemiology of lettuce drop which is normaUy 
developed under moist soil conditions and temperatures of 5-25°C after lettuce had 
developed to head stage (Melzer & Boland 1994). Plant to plant spread occurs 
occasionaHy by mycelial contact and sclerotia located within 2 cm of the taproot and 8 
cm of the soil surface which can produce masses of the hyphae that infect nearby roots, 
stems, and senescent leaves (Subbarao 1998). Sclerotial formation occurs between 12-
24°C with more sclerotia produced at 12°C but larger sclerotia produced at the higher 
temperature (Imolehin et al. 1980). 
. ..,Recorded hosts of S. minor include 21 families, 66 genera and 94 plant species 
(Melzer et al. 1997). AH hosts belong to Angiospermea of the plant division 
Spermatophyta. Three plant hosts occurred in the subclass Monocotyledonae (tulip and 
asparagus: Liliaceae; banana: Musaceae), while the other 19 families are aU 
Dicotyledonae. The families Asteraceae, Fabaceae, Brassicaceae, Apiaceae and 
CaryophyUaceae had the greatest number of hosts, in decreasing frequency (Melzer et al. 
1997). Recently, Meador & Melouk (2002) mentioned the host range of S. minor to be 
222 plant species. Although S. minor has a broad host range that includes many 
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economically important plants it is not considered to be a serious pathogen on most 
plants (Mezler et al. 1997). The host range of S. sclerotiorum is considerably greater and 
includes 75 plant families, 278 genera and 408 plant species as hosts for S. sclerotiorum 
(Boland & Hall 1994). 
S. sclerotiorum infects hosts through dissemination of ascospores while S. minor 
infects through eruptive and myceliogenic germination of sclerotia (Abawi & Grogan 
1979). The production of apothecia in S. minor in nature is extremely rare, has not been 
recorded in North America, and thus is considered to be of minor importance in the 
disease cycle (Abawi & Grogan, 1979). Infection of lettuce with S. sclerotiorum most 
often occurs at the ground level because it usually originates from ascospore infection of 
senescent lower leaves. In contrast, infection with S. minor can occur either at the soil 
line through senescent lower leaves or below ground as deep as 10 cm through root and 
stem tissue (Abawi & Grogan 1979). 
The sclerotia of Sclerotinia species have been reported to survive in the soil for 
three to five years under natural conditions (Adams & Ayers 1979). In NewZealand, 
scler,otial numbers of S. minor rapidly declined in a horticultural soil box trial over the 
first three months and lower recoveries (9-11 %) were observed in the field after six 
months (Alexander & Stewart 1994). Survival ofMACl sclerotia (produced on barley 
grits formulation) in the field decreased significantly after four months (65% recovered 
and 17% viable), 20% recovered and 7% viable after seven months, and only sclerotia 
rinds were retrieved after Il months (Mc Gill Combined Research Report 1996-1998). 
Mycelial germination of S. minor sclerotia was the predominant germination mode 
and occurred at 5-25°C with an optimum of 15°C, with no effect ofsoil type (Hao et al. 
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2003). In another study, germination was reported to occur from 6-30°C with an 
optimum of 18°C (Imolehin et al. 1980). 
Species of Sclerotin ia are able to spread locally or regionally by several means, 
including wind, farm equipment, animaIs, or human (Abawi & Grogan 1979). Viable 
sclerotia of S. minor may pass through the digestive tract of a ruminant and spread the 
pathogen from infested to noninfested areas (Melouk et al. 1989). Irrigation also has been 
shown to be involved in the spread of Sclerotinia spp. from field to field (Steadman et al. 
1975). Long distance dissemination of Sclerotinia spp. probably occurs via seeds 
infected with mycelia or contaminated with sclerotia (Alexander & Stewart 1994). 
Peanut seeds processed by hand only or by hand and machine had infection levels of 
25.4 and 8.9% respectively, while seeds processed solely by machine had 1.4% infection 
(Wadsworth & Melouk 1985). Incidence of S. minor in seeds of four susceptible peanut 
genotypes in infested field plots ranged from 6.8% to 12.3% while the disease incidence 
value averaged 0.0 to 3.5% under a controlled greenhouse environment, therefore the 
source of seed before planting in disease-free fields should be considered (Akem & 
MelQuk 1990). Peanut genotypes with a bunch growth habit exhibited a lower disease 
incidence than with a prostrate growth habit (Akem et al. 1992). 
In addition to the research presented in this thesis, other unpublished research work 
have been conducted about S. minor IMI 344141. Appendix-l contains unpublished 
results about screening of different fungal isolates and S. minor pathotypes for 
aggressiveness on dandelion and the characterization of the selected isolate while 
appendix-2 presents unpublished data about the role and fate of S. minor after field 
application. 
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PREFACE TO CHAPTER 3 
Biotic and abiotic interactions are important components of any biocontrol system. Host 
plant age, within population genetic variability of the host, and turfgrass competition are 
interconnected and determine the efficacy and performance of a biological control agent. 
Taraxacum officinale inter-population variation is weIl documented in the literature and 
in Chapter 3, 14 accessions of Taraxacum officinale coIlected from different regions in 
Canada, USA and Europe were evaluated for their susceptibility to S. minor. In addition, 
the effect of plant age (growth stage) in the presence and absence of grass competition on 
susceptibility of dandelion to S. minor was also studied. 
The results ofthis chapter have been submitted to Weed Research (submitted 29 
Nov 2005) and the manuscript is presently in the peer review process. The manuscript is 
co-authored with my supervisor, Professor Alan K. Watson. l designed the experimental 
set-up, performed the experiments and the statistical analysis, and wrote the manuscript. 
Professor Watson supervised the work, provided financial and technical resources, and 
corr~cted the manuscript. 
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-CHAPTER3 
Efficacy of Sclerotinia minor for dandelion control: Effect of 
dandelion accession, age, and grass competition 
MOHAMMED H. ABU-DIEYEH and ALAN K. WATSON 
Department of Plant Science, Mc Gill University, 21,111 Lakeshore Road, 
Ste.-Anne-de-Bellevue, Quebec, Canada, H9X 3V9 
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3.1. Abstract 
Control of Taraxacum officinale (common dandelion) and other broadleaf weeds in 
temperate turfgrass has been readily achieved with phenoxy and like herbicides. The 
herbicide option has been revoked through municipal and provinciallegislation in many 
regions of Canada, necessitating the needfor alternative approaches. We examined the 
effects of dandelion accessions, age, and grass competition on the performance of 
Sclerotinia minor (lMI 344141) as a biological control for dandelion in turfgrass. The 
fungus showed identical symptoms on 14 different accessions of dandelion and reduced 
above ground and below ground biomass by 94% and 96%, respectively with no 
difference among accessions. Foliar damage and dandelion mortality caused by S. minor 
was affected by plant age and the presence of grass competition. Dandelions of aU ages 
were more severely affected by S. minor treatment in the presence of grass competition. 
Grass competition had greater impact on foliar biomass, whereas the fungus had a greater 
impact on root biomass of newly established dandelions. In addition to competition for 
resources, we hypothesized that the grass sward provides a microenvironment favouring 
the s,uccess of S. minor as a biological control agent of dandelion. This suggests that 
proper management of the turfgrass environrnent improves the efficacy of S. minor as a 
biocontrol for dandelions. 
Keywords: age, biocontrol, bioherbicide, accessions, competition, dandelion, Sclerotinia 
minor, synergy, Taraxacum officinale, turfgrass. 
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3.2. Introduction 
The fungus Sclerotinia minor Jagger (IMI 344141) is being studied as a biological 
control for dandelion and other broadleafweeds in turfgrass environments (Ciotola et al. 
1991; Riddle et al. 1991; Brière et al. 1992; Schnick et ~l. 2002; Stewart-Wade et al. 
2002a). Recent greenhouse and long-term field studies have demonstrated effective 
control even in low-maintained turf with very high weed infestation levels dominated by 
common dandelion (Abu-Dieyeh et al. 2005; Abu-Dieyeh & Watson 2006: Chapter 5). S. 
minor is an asporogenic ascomycete and when applied to turfgrass, rarely produces 
sc1erotia (melanized survival structures), and these sc1erotia do not survive over winter 
(Stewart-Wade et al. 2002a). Field and greenhouse studies confirmed that turfgrass 
species are not susceptible to S. minor IMI 344141 (Chapter 8). lndependent human and 
environrnental toxicological studies have established that S. minor IMI 344141 is neither 
toxic nor pathogenic to non-target organisms. 
A biocontrol pathosystem involves several biotic and abiotic interactions. 
Understanding the components of a plant-pathogen system is required to maximize the 
bioœntrol success rate (Cousens & Croft 2000). A major limiting factor can be the host 
plant age, as weed populations are often a mixture of individuals in various functional 
stages interacting in relationships with each other, with other populations and with the 
environrnent (Radosevich et al. 1997). Within population, genetic diversity of the host is 
important in biocontrol situations and should be matched with pathogen specificity 
(Cousens & Croft 2000). Generally, crop interspecific competition favours biocontrol 
success by increasing competitive stresses on weed growth and infestation (Kennedy & 
Kremer 1996; Cousens & Croft 2000) 
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Turf is maintained as a vegetation coyer and acts as a coyer crop affecting weed 
survival and exerts more below and aboveground competition than many other crops. 
Dense healthy turfgrass stands are the best defence against weed colonization (McCarty 
et al. 2001; Busey 2003), but quantitative data are not a,vailable to discern the relative 
contribution exerted by grass competition towards the performance of a biological 
control agent. 
Taraxacum officinale G.H. Weber ex Wiggers (common dandelion) is a perennial 
weed that overwinters in the soil as seeds or as perennial roots which can resprout the 
following spring (Cyr et al. 1990). May and September are the peak months ofa nearly 
year-round emergence of dandelion (Chepil 1946) and the plant may perenniate up to lO-
B years (Roberts 1936). Therefore, an established dandelion infestation in turf is a 
population of mixed ages. The susceptibility of a target weed to a bioherbicide may 
change with plant age. For example, younger stages were more susceptible to a 
biological control agent (Boyette & Walker 1985; Léger et al. 2001) while in others, the 
seedling stage was less susceptible (Makowski 1993; Hoke & Drager 2004). The 
detrimental effect of plant age could be overcome by increasing inoculum concentration 
(Masangkay et al. 1999) or by modifying the biotic and abiotic environments (Kennedy 
& Kremer 1996). Interspecific competition by planting a coyer crop, improved the 
effectiveness of a biocontrol agent on hedge bindweed (Guntli et al. 1999). Moreover, 
grass vegetation coyer has been shown to reduce many growth features of certain weeds 
(Müller-Scharer 1991; Story et al. 2000) and could be combined with a biological control 
agent as a complement for control (Dhileepan et al. 2000). 
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Biotic interactions between grass competition and dandelion age and biotypes are 
expected in turfgrass environments. But it is important to have a clear understanding of 
the magnitude of the contribution of each factor and the combinations of factors on 
dandelion control efficacy as influenced by S. minor. T~e objectives of this research were 
to assess the susceptibility of different dandelion accessions and different ages of 
dandelion to S. minor (IMI 344141) and to quantify the relative importance of turfgrass 
competition and the biological stress of S. minor on dandelion survival and biomass 
reduction. 
3.3. Materials and methods 
3.3.1. Phenotypic variations of dandelion accessions 
During the summer of 2004, fruiting heads ofindividual dandelion plants were collected 
from university campuses or botanical garden lawns from different locations in the USA, 
Canada, and Europe. Seeds of each accession were sown onto potting soil (2/3 black 
pasteurized soil and 1/3 Pro-mix (Premier Promix, Premier Horticulture Ltee, Riviere-
du-Loup, QC) in 40 x 30 x 8 cm trays in the greenhouse (24 ± 2°C with 15 hr of lightlday 
at photon flux density minimum of350 ± 50 ~mol m-2 S-I). Ten 2-wk-old seedIings with 
uniform vigour from each accession were individually transplanted to a 15-cm-diameter 
pot containing mixed potting soil (as described above). These potted seedlings were 
arranged in a completely randomized design on a greenhouse bench and maintained 
under conditions described above, with programmed drip irrigation of 20 ml/pot three 
times a day. Eight weeks after transplanting (lO-wk-old plants) a morphological study 
was accomplished to assess the variations among accessions (Appendix-3). 
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3.3.2. Efficacy of the granular S. minor bioherbicide on 14 dandelion accessions 
Sclerotinia minor (IMI 344141) was isolated from diseased lettuce plants (Lactuca saliva 
L.) from southwestem Quebec and the stock culture was maintained as sclerotia at 4°C. 
The mycelia of the germinated sclerotia were used to if!.oculate autoclaved barley grits 
(1.4-2.0 mm diameter) as described in chapter 5 (Abu-Dieyeh and Watson 2006). The S. 
minor granular formulation was freshly prepared two weeks prior to treatment 
applications. Viability and virulence of the fungal inoculum were assessed prior to use on 
PDA plates and excised dandelion leaves (see chapter 5). 
Seven 2-wk-old seedlings with uniform vigour from each of the 14 accessions were 
individuaUy transplanted into 15 cm diameter pots containing mixed potting soil (as 
above). Pots were placed randomly on a greenhouse bench and maintained under 
conditions described above. Eight weeks after transplanting, plants were misted with 
water and five plants of each accession were selected at random and each was inoculated 
with 0.2 g of the S. minor granular formulation. Two plants ofeach accession remained 
as untreated controls. Two min. duration of mist was applied daily over aU the pots for 
oneweek. Symptoms of damage to dandelions were recorded weekly for two weeks after 
application using a 0 to 10 visual scale, where 0 = no or less than 10% damage in 
aboveground biomass compared to the control of the same accession, 1 = 11-20% .... 9 = 
91-99% and 10 = 100% collapse of the aboveground biomass. Data were converted back 
to a percentage (after Schnick et al. 2002). The experiment was repeated. 
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3.3.3. Effeet of the S. minor bioherbicide on ab ove and below ground biomass of 
dandelion 
Fifty 2-wk-old seedlings for each of seven accessions (two from Canada, three from 
USA, and two from Europe) were transplanted equidist~ntly into drained, plastic 
containers (40 x 32 x 20 cm, 19 L capacity) (Sterilite Inc., Montreal QC) containing 
mixed potting soil. There were 10 containers with five seedlings for each of the seven 
accessions. The containers were placed in a randomized complete block design in the 
greenhouse and maintained under conditions described above. The plant containers 
received a programmed drip irrigation of 50 ml five times a day. Two weeks after 
transplanting, 2.5 g of a commercial grass seed mixture [30% Kentucky bluegrass (Poa 
pratensis L), 40% creeping red fescue (Festuca rubra L. var. rubra) and 30% turf type 
perennial ryegrass (Lolium perenne L.), C.I.L.® Golfgreen™, Brantford, ON] was 
scattered uniformly over the soil surface in each container. 
Just prior to weed control treatment application (8 weeks after transplanting), the 
plants were misted with water. Three out of five plants in each pot were selected at 
randpm and treated with 0.2 g of the S. minor granular formulation. The other two plants 
were left untreated as controls. Symptoms of damage to dandelions were recorded 
weekly for four weeks after application using the 0 to 10 visual scale. Plant survival was 
recorded weekly for six weeks. Plant regrowth was measured as a reduction in % damage 
by estimating the biomass of new leaves produced post inoculation compared to the 
control within the same container. Damage estimates of the three treated plants in each 
container were averaged and analyzed as one experimental measure. Six weeks after 
application, aIl dandelion plants were carefully removed from the soil, the roots were 
46 
thoroughly washed and dissected above the crown, separating above ground and below 
ground biomass. Treated and control plant materials (leaves or roots) from each container 
were separately bulked, placed in paper bags, oyen dried at 80°C for 72 h, and then 
weighed. 
3.3.4. Interactions among the S. minor bioherbicide, dandelion age, and grass 
competition 
Oandelion seeds collected in spring 2002 from lawns on the Macdonald campus, McGill 
University, Ste-Anne-de-Bellevue, QC and stored at 4°C were sown onto mixed potting 
soil (as described above) in plastic containers (40 x 32 x 20 cm, 19 L capacity). 
Dandelion seeds were sown at timed intervals to attain plant material of desired plant age 
states (4, 6, 8, 10 and 13 weeks) at the time oftreatment. Extra seeds were sown for each 
plant age to have replacement plants if required. One week after germination, seedlings 
were thinned to four equidistant seedlings per container. Two weeks after germination of 
dandelion seeds, 2.5 g of a commercial grass seed mixture (C.I.L.® Golfgreen™, 
BraRtford, ON) was scattered over the entire surface of one-half of the containers 
designated for a certain plant age group. The remaining containers of each plant age were 
not sown with grass. Once established, the grass was clipped with hedge shears 
(PlantSmart, Wal*Mart, Montreal, QC), each week to maintain approximately an 8 cm 
grass height, but clipping of dandelion leaves was avoided. 
The experiment was split-split-plot design with four replications of each plant age 
and conducted twice through time, in March 2003 and 2004. Main plots were weed 
control treatments, untreated or treated with a spot application of 0.2 g planr1 granular 
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formulation of S. minar. The subplots were the presence or absence of grass competition 
and the sub-sub-plots were the different dandelion ages of 4, 6, 8, 10 and 13 weeks of 
age. Table 3.1 provides the average number of leaves for each group ofplant ages at the 
time of application. Prior to fungal application, aU plan~s were misted lightly with water 
to aid granule adhesion to dandelion leaves. Plants were grown in a greenhouse at 20 ± 
2°C with 15 h oflight per day at a photon flux density minimum of350 ± 50 Il mol m-2 s-
I. Plant containers received programmed drip irrigation of 150 ml three times per day. 
Treatment efficacy was visuaUy recorded weekly for six weeks after application 
using a 0-10 scale (as described above). Damage estimates ofa1l4 plants in each 
container were averaged and treated as one experimental unit. Dandelion survival and 
regrowth after 100% damage ofabove ground biomass were recorded weekly for six 
weeks. Six weeks after application, dandelion plants were harvested as described above. 
3.3.5. Determining the efficacy of the S. minor bioherbicide on dandelion at 
flowering stage 
Dandelion rarely flowered under greenhouse conditions and the effect of S. minar on the 
flowering stage of dandelion was delayed until a sufficient number of plants came into 
flower. A separate experiment was conducted under similar greenhouse conditions as 
described above with 10 plants in the presence of grass [16- to 18-wk-old; 20 leaves (18-
24) leaves/plant] and another 10 plants without grass [14- to 16-wk-old; 16 leaves (14-20 
leaves/plant] aU in the reproductive phase (at least one flowering scape). The S. minar 
granular formulation was applied (0.2 g/plant) on five plants of each group; the other five 
remained as untreated controls. The plants were misted with water prior to inoculation 
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and daily for a week after inoculation. One month after application, the aboveground 
damage, above and belowground biomass and survival rate were assessed as mentioned 
above. 
3.3.6. Data Analysis 
Morphological phenotypic differences among different accessions were analyzed with 
Kruskall-Wallis test for one way analysis of variance and the means of each character 
were separated using Tukey's test atP ~.05 (data not presented). Damage through time 
data for each time period, dry matter biomass data and the number of survived plants 
from the two experimental repeats on plant age were analyzed separately showing similar 
results. The data from both repeats were pooled then subjected to Levene test of SAS 
(SAS Institute Inc., Cary, NC, 2002) to test for homogeneity of error variances. Data 
from both repeats were combined as error variances were homogeneous. SAS GLM 
procedure of repeated measures was used to determine effects on aboveground damage 
through time. Above ground damage data at 2-wk-post application for the 14 accessions 
study, % survival of plants and the above and below ground biomass data ofeach 
experiment were subjected to ANOV A of SAS procedure and the means were separated 
using Tukey's test at P ~.05 (SAS 2002). 
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3.4. ResuUs 
3.4.1. Vegetative phenotypic variation of dandelion accessions 
Dandelion accessions were differentiated by several characters, most ofthem related to 
leafmorphology (M.H. Abu-Dieyeh & A.K. Watson, u~published, see Appendix-3). 
Despite the intra-population variation within each accession, within each single character 
there was significant variation among the accessions. The rosettes of dandelion could be 
with erect, in between or have flat leaves. The tap root length ranged from 98 to 133.1 
mm. Leaf and root biomass variations were also recorded among the different accessions 
of dandelion. 
3.4.2. Susceptibility of dandelion accessions to S. minor 
There were no significant (P = 0.731) differences in above ground damage among the 14 
accessions two weeks after S. minar application in a preliminary experiment (data not 
shown). Damage ranged from 82 to 96%. There were no significant differences in 
aboveground damage (79.4% to 96%) among seven accessions four weeks after 
application . 
..,Biomass reduction oftreated plants was highly significant (P :::;0.01) compared to 
untreated plants. The average percentage reduction in leaf and root biomass was 94% and 
96%, respectively (Figure 3.1). 
Sorne plants were not completely defoliated and survived the treatment. Other 
plants resprouted from the root crown even after complete above ground collapse (Figure 
3.2). There was no significant differences amongst accessions in either the percentage of 
plants survived (P = 0.654) or the number ofresprouted plants (P = 0.967) after S. minar 
treatment. The surviving foliage and regrowth was very weak and lacked vigour. 
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3.4.3. Combined effects of grass competition and plant age on biocontrol efficacy 
Highly significant effects (P :::;;0.01) were obtained from grass competition, plant age, 
and interactions of the two factors on above ground damage of dandelion caused by S. 
minar. In the presence of grass competition, 4- and 6-~k-old-treated plants completely 
collapsed without any recovery, whereas older plants, after almost 100% damage two 
weeks after application, showed sorne degree ofrecovery, positively correlated to plant 
age (Figure 3.3). For aIl ages up to lO-wk-old-treated plants, the fungus caused severe 
cumulative damage of approximately 90% and only the 13-wk-old-treated plants were 
able to recover partially with 50% damage six weeks after application. 
When grown in grass free environment culture, 4-wk-old-treated dandelions were 
highly susceptible with 100% collapse of aIl tested plants (Figure 3.3). Dlder plants were 
also heavily damaged (80-95% above ground damage) two weeks after application. The 
level of damage decreased with corresponding less damage with older plants. Incomplete 
damage ofplant leaves and/or vegetative regrowth was the cause of decreasing damage 
values. There was significantly less damage to the 13-wk-old-treated plants than to 
youuger plants one week after application. The 6-wk-old-treated plants responded 
similarly to the 8- and lO-wk-old-treated plants from the first to the fifth week after 
application. In the presence or absence of grass competition, there was no significant 
difference in biocontrol efficacy on 4-wk-old-treated plants. However, differences were 
significant (P ~0.01) on the 6- and 13-wk-old-treated plants. For the 8- and lO-wk-old-
treated plants there was no significant difference between the two grass treatments up to 
two weeks after application, but afterwards the differences were significant (Figure 3.3). 
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Except for the well established roots of the 13-wk- old dandelion, competition due 
to grass significantly reduced the survival rate in an plant ages. Survival was due to 
regrowth after a partial or complete (100%) foliar damage of the treated plants. The 
aboveground damage was always 100% whenever the ~rass was present and the 
regrowth, if any, was very frail tiny sprouts from damaged crowns of sorne plants. The 
survival rate was correlated with plant age in the presence or absence of grass 
competition. Survival was significantly lower in the presence of grass competition th an 
in the absence of grass competition in aH aged plants except for the 4- and 13-wk-old-
treated plants. In the presence of grass, no regrowth occurred for the 4- and 6-wk-old-
treated plants. Meanwhile in the absence of grass, only the young est age did not regrow 
(Figure 3.4). 
The biomass of leaves and roots was severely diminished by combining grass 
competition and S. minor treatments. The mean differences were significantly (P ~0.01) 
less than any other treatment combination for both aboveground and root biomass 
(Figure 3.5). The aboveground biomass for untreated dandelions without grass 
competition were similar for the 8-, 10- and 13-wk-old-treated plants (Figure 3.5A) while 
the 6-wk-old-treated plants had the same root biomass as aH older ages (Figure 3.5B). 
The fungus alone or the presence of grass alone had similar effects on the leaf dry matter 
of the 4-,6- and 13-wk-old-treated plants while the grass factor alone caused 
significantly more reduction than the fungus alone on the 8- and 10-wk-old-treated plants 
(Figure 3.5A). However, there was no significant difference in root dry matter reduction 
between fungus or grass presence alone, except in the 6-wk-old-treated plants where the 
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fungus without grass was significantly more effective in reducing root biomass than 
grass competition al one (Figure 3.5B). 
The greatest biomass gain in the presence or absence of grass competition occurred 
when dandelions were from 4 to 6 wk of age (Figure 3.?). The root biomass gain was 
significantly higher than the gains during aH other growth periods in the absence of grass, 
while not higher than the 10- to 13-wk growth period under the presence of grass. Except 
for the oldest plant age, the fungus caused greater reduction in root biomass than grass 
competition did (68-100% compared with 56-89%), whereas grass competition caused 
greater reduction in leafbiomass, except for the two youngest ages (38-72% compared 
with 34-44%). 
Whereas in the presence of grass competition, flowering dandelions were highly 
susceptible to S. minor showing significant above ground damage and biomass reduction 
(Table 3.2). Grass competition resulted in biomass reductions similar to those caused by 
the fungus alone. One month after application, only one out of five S. minor treated 
flowering dandelions was able to survive in the presence of grass with very weak 
regr,gwth, as compared to three out of five with sorne regrowth in monoculture. 
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Table 3.1. Average (± standared deviation) number of dandelion leaves of different age 
groups at the time of application of the S. minor granular formulation. Average of 16 
plant replicates. 
Grass Dandelion Age (weeks) 
p1anting 4 6 8 10 13 
present 4.8 ± 0.83 6 ± 0.82 8.3 ± 0.75 11±1.1 13.7 ± 1.0 
absent 5.6 ± 0.63 7.2 ± 0.83 9.2 ± 1.6 12.1 ± 1.3 16.2 ± 1.7 
Table 3.2. Influence of grass competition on the efficacy of S. minor to cause damage 
and biomass reduction after one month of application on dande1ion at flowering stage. 
Average of five plant replicates. 
Biomass (g) 
Aboveground 
Grass competition Dama~e% Leaf Root 
present 94 a 1) 0.28 c 0.38 c 
S. minor 
Treated 
absent 62 b 1.55 b 1.76 b 
Untreated present 6.0 c 1.68 b 1.98 b 
absent 4.0 c 3.83 a 3.64 a 
(1) Means in a co1urnn sharing the same 1etter are not significantly different according to 
Tukey's test at P = 0.05. 
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Figure 3.1. Effect of S. minor (IMI 344141) on shoot (A) and root (B) biomass of 
different dandelion accessions six weeks after spot application with 0.2 g/plant of S. 
minor granules. Within each graph, bars with a common letter are not significantly (P = 
0.05) different according to Tukey's test. Dandelion accessions: 1. Ste-Anne-de-
Bellevue, Québec, Canada; 2. Cornwall, Ontario, Canada; 3. Tuscaloosa, Alabama, USA; 
4. Anchorage, Alaska, USA; 5. San Marino, California, USA; 6. Cory Lodge, 
Cambridge, UK; 7. Utrecht, The Netherlands; 
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Figure 3.2. Survival and regrowth of dandelion accessions after spot application (0.2 g 
per plant) of S. minor granules. Error bars represent standard errors of total survival 
means. Values are the means of 30 replicates. Oandelion accessions: 1. Ste-Anne-de-
Bellevue, Québec, Canada; 2. Cornwall, Ontario, Canada; 3. Tuscaloosa, Alabama, USA; 
4. Anchorage, Alaska, USA; 5. San Marino, California, USA; 6. Cory Lodge, 
Cambridge, UK; 7. Utrecht, The Netherlands. 
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Figure 3.3. Effects of plant age and grass competition on the control of dandelion using 
S. minar. The me ans were separated using Tukey's test at P = 0.05, within each graph, 
and at any time post application, values with a common letter are not significantly 
different. (A) grass absent (B) grass present. 
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Figure 3.4. The effect of plant age and presence of grass on percentage survival of 
dandelions, six weeks after S. minor application. Values with a cornrnon letter are not 
significantly different according to Tukey's test at P = 0.05. 
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Figure 3.5. The effect of plant age and grass competition on aboveground (A) and root 
biomass (B) of dandelions six weeks after application of S. minor granules. Values in a 
figure with a common letter are not significantly different according to Tukey's test at P 
=0.05. 
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3.5. Discussion 
Despite obligate apomixis, intraspecific variation in T. officinale is well documented in 
the literature (as reviewed by Stewart-Wade et al. 2002b) by isozyme analysis (Solbrig 
1970; Lyman & Ellstrand 1984), micro satellite DNA al!alysis (Falque et al. 1998) and 
meristic and morphologic analysis (Collier & Rogstad 2004). The high intraspecific 
morphological variation within dandelion populations has also been attributed to 
phenotypic plasticity (Richards 1973) Dandelion is a highly adapted perennial (Stewart-
Wade et al. 2000b), with high phenotypic plasticity occurring in genotypically diversified 
populations within the same field (Solbrig 1970). 
Significant morphologic and meristic variations were found in our 14 dandelion 
accessions grown under constant controlled environmental conditions. Differences in 
floral stage timing and reproductive efforts among the accessions were also recorded 
(M.H. Abu-Dieyeh & A.K. Watson, unpublished data, see Appendix-3). Similar to the 
findings of Collier & Rogstad (2004), the variations among our dandelion accessions 
were due to genotypic variations rather than phenotypic plasticity. In plant: pathogen 
systems, phenotypic variations can be assessed using virulence bioassays rather than 
isozymes or molecular techniques (Cou sens & Craft 2000). 
Sclerotinia minor is a necrotrophic, broad host range plant pathogen that can cause 
economic damage to many crops particularly lettuce and peanut (Abawi & Grogan 1979; 
Melzer et al. 1997). Newtown and Sequeira (1972) identified lettuce lines that were 
highly resistant to S. sclerotiorum and attributed this to their upright growth habit. 
However, subsequent evaluation ofthese lines by Abawi et al. (1980) and Subbaro 
(1998) indicated that there was no association between growth habit and resistance and 
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none of the screened accessions possessed resistance to S. minor. Despite the significant 
morphologic and meristic differences among the 14 accessions collected from different 
locations in North America and Europe, aH the accessions were similarly susceptible to 
the S. minor granular formulation. 
The regrowth from the root crown of S. minor treated plants could be an expression 
of tolerance. However, this regrowth was very weak and may make dandelions more 
vulnerable to interspecific competition, season long mowing, or winter injury. Several 
studies have indicated that the regrowth after a biotic stress may be more constitutively 
resistant to sorne pathogens and insects than older leaves (Karban & Baldwin 1997; 
Green & Bailey 2000; Hatcher & Melander 2003), but this is not the case in our 
pathosystem as the regrown dandelion leaves have shown a high degree of susceptibility 
to a second S. minor application (M.H. Abu-Dieyeh & A.K. Watson, unpublished data). 
Although, there were no significant differences in survival and regrowth among the 
14 accessions, the highest percentage regrowth occurred in accessions no. 3 (Alabama) 
and no. 4 (Alaska) (Figure 3.2). Interestingly, these accessions had the longer taproots, 
but Rot the highest root biomass. It is known that competitive, well-established 
dandelions possess deep tap roots that can extend below the level of competition of grass 
roots (Loomis et al. 1938: cited in Stewart-Wade et al. 2002b). 
In this study, dandelions of aH ages were susceptible to S. minor in the presence 
or absence of grass competition. However, grass competition significantly increased the 
aboveground damage, increased root and leafbiomass reduction, and reduced the 
survival rate of treated dandelions. Grass competition may promote S. minor to exert 
\ 
-~-- ! 
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faster and greater disease development and consequentialless chance for the plant to 
capture resources and regenerate from the roots. 
The susceptibility of dandelions to S. minor decreased with plant age as has been 
shown for other pathosystems induding those studied ~or biocontrol (Boyette & Walker 
1985; Lèger et al. 2001; Riddle et al. 1991; Neuman & Boland 2002), although sorne 
plants are less susceptible at the seedling stage (Makowski 1993; Hoke & Drager 2004). 
Decreasing susceptibility with age is common even with herbicides, and dandelion 
seedlings are susceptible to 2,4-D, while established dandelions are intermediate in 
susceptibility due to the sorption capacity of the cuticular membrane (Baker & Bukovac 
1971). 
The effect of grass competition on dandelion establishment and development was 
determined by examining the dry matter data (presented in Figure 3.5) for untreated 
plants as they progressed in age. During the 6 wk period from treatment to harvest, 
dandelion plants gained the greatest biomass during the 4-wk to 6-wk period under both 
environments, but 2-fold higher root biomass (1.96 vs 1.03 g plant -1) in the absence of 
grass compared with the presence of grass. In the absence of grass competition, root 
biomass was maximized in the 6-wk-old plants and shoot biomass maximized in the 8-
wk-old plants. These results may explain why the efficacy of S. minor on the 6-wk-old-
treated dandelion was similar to the efficacy on oIder plants in the grass free 
environment. 
In a competitive environment we hypothesized that, dandelions will allocate 
resource differently, this allocation could occur gradually and should favour root 
resources in later growth stages, consequently resulting in root extension deeper than 
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grass roots. Although the finalleaf or root biomass accumulation (of the 4 wk- to 13-wk-
old plants) was proportionally similar in the presence or absence of grass competition, it 
was attained by the 8- and 6-wk-old-treated plants, respectively in grass-free 
environment, while both leaf and root maximal biomas~ occurred in the 13-wk-old plants 
in the presence of grass. In the presence of grass, root biomass gain was ~ 2-fold greater 
than the leafbiomass from the 8- to 13-wk-old plants (1.29 and 0.71 g planr1, 
respectively) Therefore the 13-wk-old-treated plants were better established in the 
presence of grass, enabled them to regenerate after S. minor application as reflected in 
enhanced survival compared with younger plants. 
Except for the 4-wk-old-treated and 13-wk-old-treated plants, grass competition 
combined with S. minor reduced the survival of dandelion significantly compared with 
no grass competition. In the case of the grass free environment, the survival was more 
due to the incomplete damage of the aboveground biomass, while it was due to root 
regrowth after a complete aboveground damage in the presence of grass competition. 
This regrowth was very weak since the reduction in root biomass was very severe, thus 
these plants may have likely soon succumb if the experiment was extended longer. Our 
data indicated a decrease in survival of regrown dandelions after eight weeks compared 
to six weeks post application of S. minor in greenhouse conditions (Chapter 5). 
Surprisingly, with the 8- and lO-wk-old-treated plants, the grass competition alone 
exerted more significant reduction in aboveground biomass than the fungus with no grass 
competition while the fungus alone caused more significant reduction on root biomass 
than grass competition on the 6-wk-old-treated dandelions. Four-wk-old-treated 
dandelions were extremely susceptible to S. minor and killed in both grass environments 
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and importantly it was the age with the greatest gain of leaf and root biomass in both 
grass environments hence no significant effect was obtained from grass factor on the 
efficacy of control. Earlier studies suggested that the establishment of dandelion 
seedlings was strongly inhibited in areas of dense grass coyer due to insufficient open 
ground and light penetration (Molgaard 1977). Chances of seedling establishment are 
decreased 23 times in areas with lush grass vegetation compared with open areas (Ford 
1981). 
Grass competition significantly enhanced the efficacy of S. minor on flowering 
dandelion. Although the flowering plants were older than 13 weeks, there was more 
aboveground damage, more biomass reduction, and less survival in the presence of grass 
competition. Similar results were obtained with Phoma glomerata on dandelion (Neuman 
and Boland 2002). Survival of dandelion treated in the spring (about 90% in the 
flowering stage) with S. minor was significantly lower than that in the faU treatment 
__ (Abu-Dieyeh & Watson 2006: Chapters 5 & 7). In the absence of control, the survival of 
2 cm long dandelion roots coUected in May, at the time of maximum flowering, was less 
tha~that for the roots obtained from June to September of the same year (Mann & 
Cavers 1979). In the spring, dandelions are known to aUocate more resources for 
flowering and vegetative growth than for root growth (Cyr et al. 1990), and this may 
explain the reduced survival and regrowth of flowering dandelions after S. minor 
infection. 
Our results address the importance of grass competition to control dandelion with S. 
minor in turfgrass systems. From our field experiments, greater survival of treated 
dandelions occurred in plots with low grass density and/or bare ground than in high 
67 
density grass plots (Chapter 7). Indeed, dandelion populations in field environments are 
expected to be of mixed ages and mixed genotypes and consequently, survival and 
regrowth after S. minor application could be explained by several factors and interactions 
rather than grass competition alone. Additional factors" such as competition duration, 
degree of grass establishment, intraspecific competition within a dandelion population, 
and interspecific competition with other weeds, may aU affect the competitiveness 
between dandelion and turfgrass, and consequently the performance of S. minor. 
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PREFACE TO CHAPTER 4 
Sclerotinia minor Jagger is a necrotrophic fungus with a wide host range. A one 
pathogen-multiple host strategy has recently been highl,ighted as an approach to 
overcome the commercial limitations of the single target bioherbicide paradigm (Hallett 
2005). S. minor is a widely distributed pathogen with a broad host range (Melzer et al. 
1997; Hollowell et al. 2003); however the susceptibility ofmany turfgrass broadleaf 
weeds to S. minor, and particularly their susceptibility to the barley-based formulation of 
S. minor, are unknown. In Chapter 4 the susceptibility of several turfgrass broadleaf 
weeds to S. minor spot application was preliminary investigated during the fall of 2003 
and 2004. 
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CHAPTER4 
Susceptibility of turfgrass broadleaf ~eeds to Sclerotinia minor 
MOHAMMED H. ABU-DIEYEH and ALAN K. WATSON 
Department of Plant Science, McGill University, 21,111 Lakeshore Road, 
Ste.-Anne-de-Bellevue, Quebec, Canada, H9X 3V9 
70 
4.1. Abstract 
The fungus Sclerotinia minor is being developed as a biological control for dandelion in 
turfgrass environments. The susceptibility range of turfgrass broadleaf weeds to S. minor 
is not known. The efficacy of S. minor on broadleaf weeds, common to turfgrass, was 
preliminary evaluated under field conditions. 32 broadleafweeds, from 13 different 
families, were found to be susceptible to spot application of S. minor. 23 of these species 
had not previously been recorded as hosts for S. minor. These results support the 
importance of a one pathogen multiple-weed strategy to overcome commercial 
limitations of a single target bioherbicide paradigm. 
Key words: biological control, bioherbicide, Sclerotinia minor, selectivity, turfgrass; turf 
broadleaf weeds. 
4.2. Introduction 
Most turfgrass environments have weed problems and require a degree of management to 
be functional and aesthetically pleasing (Monaco et al. 2002). Broadleafweeds disturb 
the ~isual turfuniformity due to different growth habits, different leaf shape and size or 
color contrast (McCarty et al. 2001). A vigorous sward monculture turf is a key goal and 
extremely challenging for turf managers (Cisar 2004). Broadleafweeds compete with 
turf for light, soil nutrients, soil moisture and physical space and can replace weaken turf 
(Emmons 1995).73 grass and grass-like and 145 broadleafspecies are classified as 
weeds in turfgrass environments (McCarty et al. 2001). A combination of two or three 
herbicides is normally recommended to control a wide spectrum of broadleaf weeds 
(Emmons 1995). Repeated applications of dicamba or phenoxy herbicides such as 2,4-D 
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and mecoprop or a combination product such as ''killex™,, are extensively used for 
dandelion control (Anonymous 1997). As public concem increased around possible 
adverse health and environmental effects of lawn pesticides and led to ban or restrict 
their uses (Riddle et al. 1991; Cisar 2004), the search f<;>r biological control options 
intensified. 
Sclerotinia minor Jagger (lMI 344141) is an ascomycete plant pathogen with 
biocontrol potential for dandelion control in turfgrass (Riddle et al. 1991; Ciotola et al. 
1991; Brière et al. 1992). The mycelial-colonized barley grains formulations of S. minor 
have shown bioherbicidal activity on dandelion and plantain in turfgrass systems, 
without causing damage to turfgrass species (Stewart-Wade et al. 2002a). Turfgrass field 
studies have confirmed the efficacy of a granular barley-based formulation of S. minor in 
controlling dandelion and reducing broadleafweed ground cover (Abu-Dieyeh & Watson 
2006: Chapter 5). 
The bioherbicide approach has had limited commercial or practical success due to 
problems in mass production, formulation and commercialization, limited acreage of the 
host:weed, and pathogen-one-weed strategy (Kennedy & Kremer 1996; McFadyen, 1998; 
Charudattan & Dinoor 2000). A bioherbicide effect may be broaden using a multiple-
pathogen strategy with a mixture of host specific pathogens, each one controlling a 
specific weed within a group ofweeds (Chandramohan et al. 2002; Chandramohan & 
Charudattan 2003) or using a nonspecific plant pathogen like Sclerotinia or Rhizoctonia 
to control many weed species after considering the risk off-target effects (Hallett 2005). 
Although the host range of S. minor as a natural pathogen has been documented 
(Melzer et al. 1997; Hollowell et al. 2003), the susceptibility ofmany broadleafweeds of 
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turfgrass to S. minor (IMI 344141) are not known. This type ofknowledge is not only 
required for efficacy evaluation of S. minor under field conditions but also a necessity for 
any further study on population dynamics of weeds after S. minor application. Therefore, 
experiments were conducted ta determine the range of ~roadleaf weed species that are 
susceptible ta S. minor (lMI 344141). 
4.3. Materials and Methods 
Sclerotinia minor (IMI 344141) was isolated from diseased lettuce plants (Lactuca sativa 
L.) from southwestern Quebec in 1988 and the stock culture was maintained as sclerotia 
at 4°C. The myce1ia of the germinated sclerotia were used ta inoculate the autoclaved 
barley grits (1.4-2.0 mm diameter) as described in Abu-Dieyeh and Watson (2006: 
Chapter 5) 
During the faIl (September and October) of2003 and 2004, a total of32 broadleaf 
turfgrass weed species were tested for their susceptibility ta the granular barley 
formulation of S. minor. The number of plants tested for each weed species varied (5-22 
plants) depending on species occurrence and abundance in the study area. For each 
species, a cohort of similar age plants (whenever possible) was selected, individual 
treated plants were labeIled and nearby individuals served as controls to aid in 
assessment of treatment effect. Applications were made on days after an extended 
rainfaIl period (2-4 hrs) ta ensure adequate sail moisture; otherwise the site was irrigated 
using a lawn sprinkler. Based on species growth habit and size, the application rate was 
either 0.5 g per plant (for common burdock, chicory, Canada thistle and field bindweed) 
or 0.2 g per plant of S. minor formulation (for the other studied species). Depending on 
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the species growth habit, the product was applied on the center of the rosette or around 
the stem and/or beneath the leaves close to the soil surface. The above ground damage 
was assessed two weeks after application using 0 to 10 visual scale, where 0 = no or less 
than 10% damage in aboveground biomass compared t~ the nearest untreated neighbour 
plants, 1 = 11-20% .... 9 = 91-99% and 10 = 100% collapse of the aboveground biomass. 
Data were converted back to a percentage (after Schnick et al. 2002). Mortality was 
assessed three weeks after application. Descriptive statistics (SigmaStat 2.03 statistical 
software, SPSS 2001) were applied for each species to reflect the adaptability of S. minor 
under field condition. 
4.4. Results 
Thirty-two species ofweeds within 13 families were shown to be susceptible to S. minor 
treatment (Table 4.1). Eight ofthese species are annuals, three biennial and 21 are 
perennials. Mean foliar damage ranged from 16.7% for common lambsquarters 
(Chenopodium album L.) and 100% for yellow rocket (Barbarea vulgaris R.Br.) and 
lady.;s thumb (Polygonum persicrium). Three weeks after application, the survival rate of 
sorne weeds was 0%, ofthose: yellow rocket; common chickweed and lady's thumb. On 
the other side, species like Lamb's quarter, prostrate knotweed, alfalfa and narrowleaf 
plantain eventhough they are susceptible to S. minor infection they are still able to 
survive at higher rates than other species (Table 4.1). 
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Table 4.1. Above ground damage and mortality caused by spot treatment with a granular formulation of Sclerotinia minor to weeds 
,\ 
encountered in turfgrass fields. 
LiCe Treated Above ground damage (%) Survival 
Plant species cycle (1) n(2) Mean S.d·(3) Min Max ~nl ~%l 
Asteraceae 
Achillea millefollium (common yarrow) P 21 92.4 11.8 60 100 6 28.6 
Ambrosia artemisiifo/ia (common ragweed) A 16 75.6 27.1 20 100 6 37.5 
Arctium minus (common burdock) B 15 87.3 12.2 60 100 8 53.3 
Chrysanthemum leucanthemum (oxeye daisy) P 10 94.0 13.5 60 100 2 20.0 
Cichorium intybus (chicory) P 20 87.5 13.3 60 100 8 40.0 
Cirsium arvense (Canada thistle) P 10 74.0 26.7 40 100 5 50.0 
Conzya Canadensis (Canada fleabane) A 13 70.0 33.2 0 100 7 53.8 
Erigeron annuus (annual fleabane) P 5 98.0 4.5 90 100 1 20.0 
Pyrrhopappus caro/inianus (Caro1ina false dandelion) B 10 82.0 17.5 40 100 5 50.0 
Sonchus oleraceus (annual sow-thistle) A 18 95.3 10.9 60 100 3 16.7 
Taraxacum officinale (dandelion) P 20 87.5 12.1 60 100 5 25.0 
Brassicaceae 
Barbara vulgaris (yellow rocket) B,P 11 100.0 0.0 100 100 0 0.0 
Capsella bursa-pastoris (shepherd's-purse) A 13 60.0 30.3 20 100 8 61.5 
Caryophyllaceae 
Stellaria media (common chick weed) A 10 100.0 0.0 100 100 0 0.0 
Chenopodiaceae 
Chenopodium album (common lambsquarters) A 6 16.7 12.1 1 30 5 83.0 
Convolvulaceae 
Convolvulus arvensis (field bindweed) P 14 70.0 30.9 20 100 7 50.0 
Fabaceae 
Lotus corniculatus (birdsfoot trefoi1) P 18 90.6 10.6 70 100 5 28.0 
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Medicago lupine (black medic) ,\ B 10 86.0 13.5 60 100 3 30.0 
Medicago sativa (alfalfa) P 6 23.3 23.4 0 60 6 100.0 
Trifolium repens (white clover) P 22 90.0 13.5 60 100 9 40.9 
Vicia saliva (common vetch) P 14 82.9 17.3 60 100 6 42.9 
Lamiaceae 
Glechoma hederacea (ground ivy) P 13 96.9 6.3 80 100 2 15.4 
Malvaceae 
Malva neglecta (common mallow) P 20 60.5 33.8 0 100 12 60.0 
Oxalidaceae 
Oxalis stricta (yellow woodsorrel) P 15 72.0 27.3 20 100 10 66.7 
Plantaginaceae 
Plantago lanceolata (narrowleaf plantain) P 5 44.0 11.4 30 60 5 100.0 
Plantago major (buckhom plantain) P 15 86.0 15.0 60 100 6 40.0 
Polygonaceae 
Polygonum aviculare (prostrate knotweed) A 10 45.0 37.5 0 100 7 70.0 
Polygonum persicaria (ladysthumb) A 6 100.0 0.0 100 100 0 0.0 
Rumex crispus (curled dock) P 6 76.7 15.1 60 100 4 66.7 
Rosaceae 
Duchesnea indica (Indian mock strawberry) P 12 90.8 13.1 60 100 3 25.0 
Potentilla recta (sulphur cinquefoil) P 14 80.7 14.4 60 100 7 50.0 
Scrophulariaceae 
Linaria vulgaris (yellow toadflax2 P 20 79.0 33.4 20 100 6 30.0 
(1): A= annual; B= biennial and P= perennial 
(2): n = number of plants treated 
(3): S.d. = standard deviation 
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4.5. Discussion 
Weed diversity is highly variable between different turfgrass fields and many factors 
could affect the diversity including the selection ofturfgrass species or cultivar, the 
chemical and cultural management practices, and the age of turf since establishment 
(McCarty et al 2001; Busey 2003). Weed seeds could be introduced to the turfat any 
time by various means of dispersal, but a dense healthy grown turfgrass generally limits 
weed colonization (Monaco et al. 2002; Busey 2003). 
A commercially promising biocontrol agent for turf broadleaf weeds should control 
the dominant species and suppress associated species. AU field sites in the present study 
were clearly dominated by dandelion, foUowed by the white clover. 
S. minor was virulent on 32 broadleafweeds, representing many of the common 
broadleaf weeds in cool season turfgrass environments. Comparison of the efficacy of the 
fungus on different hosts was not analyzed in this study due to the difference in the time 
of application within the faU season and the inequality in number of replications between 
species. High standard deviations of percentage damage were observed among replicate 
plants in certain species (i.e., Ambrosia artemisiifolia, Malva neglecta, Medicago sativa, 
Convolvoulus arvensis, Capsella burs-pastoris, Conyza canadensis, Cirsium arvense and 
Polygonum aviculare). Several causes could be behind the variability within species 
response 1) different dew points and soil moisture in the tirst week of application due to 
different times oftreatment application, 2) the duration that the inoculum remains in 
direct contact with treated plant, 3) age and biotype variations of the plants and 4) the 
low number of plants tested for certain species. 
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Plant survival due to either tolerance after a partial damage or regrowth after a 
complete damage was variable among weed species ranging from 0% to 100% and this 
could be the result of the species genotypes and/or the above mentioned factors. Our 
long-term field results indicated the importance of combining the bioherbicide with 
proper mowing to control dandelion at a level similar to that of the common widely used 
herbicide, 2,4-0 or improving grass competition by over-seeding (Chapters 6 & 8). 
Recorded hosts of S. minor include 21 families, 66 genera and 94 plant species, 
while 19 families are aIl Oicotyledonae, three plant hosts occurred in the 
Monocotyledonae (Liliaceae: tulip and asparagus and Muscaceae: banana) (Melzer et al. 
1997). Meador & Melouk (2002) mentioned that the host range is as a broad as 222 plant 
species. Weed species in peanut fields serve as hosts of S. minor and aid in maintaining 
pathogen population in the soil (Meador & Melouk 2002; Hollowell et al 2003). Nine 
weed species in the present study have been reported as natural hosts of S. minor (Melzer 
et al. 1997; Hollowell et al. 2003) while the other 23, according to our knowledge, are 
not previously reported as being natural plant hosts of S. minor . 
. ..,Our results indicated that the barley based formulation of S. minor is virulent on a 
wide range ofbroadleafweeds with no adverse impact on turfgrass species. From certain 
fields, sclerotia were se en rarely on the inoculum after the growing mycelia was spread 
on the weed leaves, however screening of 30 soil samples after one year of treatment 
application revealed that no sclerotia were available (M.H. Abu-Oieyeh & A. K. Watson, 
unpublished). Similarly, results from previous experiments showed that sclerotia of S. 
minor do not overwinter in the turfgrass environment and lose their viability within four 
months (Stewart-Wade et al. 2002a). 
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The one-weed-one-pathogen strategy has been a major obstacles facing 
commercialization of bioherbicides (Kennedy & Kremer 1996; Charudattan & Dinoor 
2000) which directed researchers to combine a cultural management practice with the 
bioherbicide to enhance the efficacy and broaden the weed control (Hatcher & Melander 
2003). Another approach was the multi pathogen strategy using a mixture of ho st specific 
pathogens; each one can control a specific group ofweeds (Chandramohan et al. 2002). 
Recently the use of highly virulent, broad-spectrum bioherbicide has been suggested as 
an economical and practical alternative after considering the safety release on non-target 
species (Müller-Scharer et al. 2000; Hallett 2005). 
Specifically for turfgrass environment, S. minor appears to be a safe biological 
control agent exerted negative effects on several species of broadleaf weeds through 
direct infection or indirect ecological effect after creating a new environment that favours 
the grass growth but not the weeds. The results of this chapter are considered preliminary 
for further investigations to test the efficacy of S. minor on the susceptible weeds using 
higher number of plant replicates and on different plant biotypes and ages. 
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PREFACE TO CHAPTER 5 
Mowing is a necessary cultural management practice for turf maintenance and mowing 
height could be a variable affecting a biocontrol system. Different mowing heights would 
be expected to create different microenvironments for S. minor colonization and growth. 
Periodic mowing at close heights could add more stress, not only on weeds, but also on 
turfgrass. In general perennial plants have seasonal variations for allocations of 
carbohydrate reserves depending on their phenological stage and environmental 
conditions. Based on the above facts, the objective of Chapter 5 was to investigate the 
performance of S. minor under different mowing heights in both greenhouse and field 
conditions. In greenhouse and field experiments, the interaction of mowing height with S. 
minor efficacy on dandelion was studied by estimating aboveground damage, measuring 
leaf and root biomass and counting the number of dandelions recovered after S. minor 
application. 
A manuscript of the results of Chapter 5 has been accepted for publication in 
Biocontrol Science and Technology (submitted August 1,2005 accepted for publication 
November 7,2005). The manuscript is co-authored by Prof essor Alan K. Watson, my 
supervisor. 1 designed the experimental set-up, performed the experiments and the 
statistical analysis, and wrote the manuscript. Professor Watson supervised the work, 
provided financial and technical resources, and corrected the manuscript. 
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5.1. Abstract 
The fungus Scleratinia minar Jagger is under development as a bioherbicide for control 
of dandelion and many broadleafweeds in turfgrass environments. The effect of S. minar 
on dandelion survival was evaluated under different mowing heights and compared with 
Killex™ the commonly used herbicide. In the greenhouse, the onset ofsymptoms was 
more rapid, foliar damage was more severe, and the reduction of aboveground biomass 
and root biomass was greater for the bioherbicide than the herbicide. The bioherbicide 
reduced root biomass ~1 0 fold compared with untreated plants. Under high weed 
infestation levels in the field, S. minar caused a greater initial reduction of dandelion 
density than did the herbicide during the two-weeks-post application period, although 
reductions were greater in herbicide treated plots by six weeks after application. Over the 
growing season, S. minar and the herbicide had similar suppressive effects on dandelion 
density except under the closest mowing height (3-5 cm). After treatment, close mowing 
favoured dandelion seedling recruitment and the biocontrol had no residualactivity. 
Survival of dandelion roots was significantly less after spring than faU treatment of S. 
minar and season long mowing at the close height significantly reduce root survival. 
Close mowing may be detrimental for S. minar applications on heavily infested domestic 
lawns and amenity grassland areas. 
Keywords: Bioherbicide; biological weed control; clipping; fungus; mowing; Scleratinia 
minar; Taraxacum afficinale; turfgrass; weed control 
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5.2. Introduction 
Broadleafweeds reduce the quality and quantity ofturfgrass and disrupt its visual 
uniforrnity (McCarty et al. 2001). Oandelion, Taraxacum officinale Weber, is a strong 
competitive perennial weed that infests turfgrass environments and is common in home 
lawns, turfgrass swards, pastures, forages, golf courses, athletic fields, wooded areas, and 
roadside verges (Stewart-Wade et al. 2002b). It is an undesirable plant, causing aesthetic 
problems during flowering and seed production. In 1992, a survey ofturfgrass specialists 
estimated that there were 7.3 million hectares oflawn in the United States (Elmore 
1994). The lawn care industry in North America has been expanding at a rate of 5-8% 
per year (United States Environmental Protection Agency 1999). The need for regular 
management and maintenance ofthese areas creates a massive turfgrass industry in North 
America and Europe. In 2001, 78 million households in the U.S. used home and garden 
pesticides (U.S. Environmental Protection Agency 2004). Herbicides accounted for the 
highest usage of pesticides in the home and garden sector with users spending 632 
million dollars for over 36 million kilograms applied on lawns and gardens. 2,4-0 (2,4-
dièhforophenoxy acetic acid) was the most widely used pesticide in the home and garden 
sector. 
Repeated applications ofphenoxy herbicides such as 2,4-D and mecoprop «±)-2-(4-
chloro-2-methylphenoxy) propanoic acid), dicamba (3,6-dichloro-2-methoxybenzoic 
acid), or combination products such as Killex™ have been widely used for dandelion 
control (Anonymous 1997). Environmental and public health concems about pesticides, 
especially the use of chemical herbicides in turfgrass for aesthetics, have lead to the 
banning or severe restrictions on the use of pesticides in many regions of Canada (Cisar 
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2004). Consequently, alternatives to chemical herbicides are being sought (Neumann & 
Boland 2002; Stewart-Wade et al. 2002a; Zhou et al. 2004). 
Sclerotinia minor Jagger is an asporogenic ascomycete plant pathogen that has 
biocontrol potential for dandelion in turfgrass, and several formulations of S. minor have 
been shown to have biological control activity (Ciotola et al. 1991; Riddle et al. 1991; 
Brière et al. 1992; Stewart-Wade et al. 2002a; Abu-Dieyeh & Watson 2006: Chapter 5). 
S. minor mycelium in sodium alginate granules (Brière et al. 1992) and mycelial-
colonized barley grits (Stewart-Wade et al. 2002a) effectively controlled dandelion and 
broadleafplantain (Plantago major L.) without damage to turfgrass species. When 
applied to turfgrass, S. minor IMI 344141 rarely produces sc1erotia (melanized survival 
structures), and these sc1erotia do not survive over winter. Mycelia of S. minor IMI 
344141 does not survive beyond 10 days in the turfgrass environment (M.H. Abu-Dieyeh 
& A.K. Watson, unpublished data). Field and greenhouse studies confirmed that turfgrass 
species are not susceptible to S. minor IMI 344141. Independent toxicological studies 
have established that S. minor IMI 344141 is neither toxic nor pathogenic to humans, 
birclS, fish, daphnia, honey bees, earthworms, or wild animaIs (A.K. Watson personal 
communication). 
Extension recommendations for turfgrass often indicate that a dense, healthy 
turfgrass stand is the best defence against weed colonization and can be managed by 
proper mowing, watering, and fertilization (McCarty et al. 2001; Busey 2003). A sensible 
recommendation but the methods are often stated in generalities and are not based on 
scientific research (as stated by Busey 2003). Mowing is a major cultural practice for turf 
maintenance. Lower mowing heights can cause additional stress for certain grass species 
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and/or broadleafweeds, especially in summer (as reviewed by Busey 2003; Hatcher & 
Melander 2003), and higher canopies may maintain higher humidity levels close to the 
soil surface for longer time periods, which can be advantageous for pathogen activity 
(Gielser et al. 2000). When a fungal pathogen was combined with simulated mowing, 
weed suppression was greater than the fungus al one (Green et al. 1998; Kluth et al. 
2003). In this research, the effect ofturfgrass mowing height on the efficacy of a granular 
formulation of S. minar to suppress dandelion in a suburban lawn environment was 
evaluated. 
5.3. Materials and methods 
5.3.1. Production and formulation of Sclerotinia minor 
Scleratinia minar (IMI 344141) was isolated from diseased lettuce plants (Lactuca saliva 
L.) from southwestem Quebec in 1988 and stock cultures maintained as sclerotia at 4°C. 
When required, sclerotia from a stock culture were washed twice in sterile distilled 
water, placed in 70% ethanol for 40 s, transferred to 1 % hypochlorite solution for 3 min, 
rinsed twice with sterile distilled water, and set to dry on sterilized filter paper. The 
surface sterilized sclerotia were transferred aseptically onto potato dextrose agar (PDA, 
DIFCO Laboratories, Detroit, MI) plates and incubated for 4-5 days at 20 ± 1°C. Five 
agar p1ugs (5-mm diameter), from the active1y growing margin of colonies on PDA were 
transferred to 100 ml ofa modified Richard's solution (MRS) having the following 
constituents per litre: 10 g ofsucrose, 10 g ofKN03, 5.0 g ofKH2P04, 2.5 g of 
MgS04'7H20, 0.02 g FeCh'6H20, and 150 mL V-8juice (Campbell Soup Company 
lnc.) in 250 mL Erlenmeyer flasks. Cultures were incubated for 5 days on a rotary shaker 
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at 60 rpm at room temperature (20 ± 1°C). The grown mycelium was collected into a 
sterilized blender cup (Waring Commercial, Torrington, CT) and homogenized gently 
with two 20 s bursts and then inoculated onto autoclaved barley (Hordeum vu/gare L.) 
grits. For this, whole barley grains were ground and sieved to 1.4-2.0 mm diameter grits. 
Three hundred g ofbarley grits were transferred into autoclavable bags with a breathable 
patch 44 x 20.5 cm, 0.02 ~m filter: 24 mm (SunBag, transparent, SIGMA-ALDRICH, 
Montreal, QC). Two hundred and ten mL of distilled water was placed into each of the 
bags and autoclaved at 121°C for 20 min. After autoclaving the bags were allowed to 
cool and a 15 mL aliquot of the liquid S. minor mycelial culture was transferred 
aseptically into each bag. Inoculated bags were incubated at 20 ± 1°C in the dark and 
shaken on the 3rd to 6th days of incubation. The contents of each bag were then dried 
separately by spreading the colonized barley grits onto mesh trays for 12 hr under a 
laminar flow. The dried inocula (aw• 0.4) were placed in plastic bags (PolyBags, 17.5 x 
40 x 7.5 cm, Gerrity Corrugated Paper Products, Concord, ON) and the bags were sealed, 
and stored at 4°C. These S. minor granular formulations were used in our experiments 
-after -two to four weeks of storage. The viability of the S. minor preparations was verified 
by incubating ten granules from each bag on PDA plates. Colony diameters were 
measured after 24 and 48 h of incubation at 20 ± 1°C in the dark. Additionally, ten 
granules from each bag were placed onto excised dandelion leaves maintained on moist 
sterile filter papers in Petri dishes and incubated at 20°C in the dark; one granule per leaf. 
The diameter of the lesions caused by the fungus was measured after 24 and 48 h of 
incubation. Previous unpublished quality control studies indicated viable batches to have 
colony diameter of 14-30 mm after 24 h and 40-70 mm after 48 h and virulent batches to 
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have an average les ion diameter > 15 mm after 48 h of incubation (Appendix-4). S. minor 
preparations were only used in our experiments if they met these criteria. 
5.3.2. Effect of S. minor and mowing height on dandelion control in the greenhouse 
Dandelion seeds collected in spring 2002 from lawns on the Macdonald campus, McGill 
University, Ste-Anne-de-Bellevue, QC and stored at 4°C were sown onto potting soil (2/3 
black pasteurized soil and 1/3 Pro-mix (Premier Promix, Premier Horticulture Ltee, 
Riviere-du-Loup, QC) in plastic containers (40L x 32W x 20D cm, 19 L capacity; 
Sterilite Inc., Montreal, QC). One week after germination, seedlings were thinned to four 
equidistant seedlings per container. Two weeks after germination of the dandelion seeds, 
2.5 g of a commercial grass seed mixture [30% Kentucky bluegrass (Poa pratensis), 40% 
creeping red fescue (Festuca rubra L. var. rubra) and 30% turf type perennial ryegrass 
(Lotium perenne L.), C.I.L.® Golfgreen™, Brantford, ON] was scattered over the surface 
of each container. 
Grass was cut weekly with hedge shears (PlantSmart, Wal*Mart, Canada), 
co~inencing three weeks after grass sowing to a height of 5, 10, 15 or 20 cm. Four weed 
control treatments were imposed: (1) untreated, (2) a spot application ofO.2g planr1 
non-colonized autoclaved barley grits, (3) a spot application of 0.2 g planr1 barley 
granular formulation of S. minor, and (4) a broadcast foliar application ofKillex™at 1.7 
kg aj ha-1 (25 ml ofthe 0.6% original concentration per container). The herbicide was 
applied with a 1.18 L vacuum sprayer (Home and Garden sprayer. Model no 1998. 
RLFI0-Master Premium. Root-Lowell Manufacturing Co, Lowell, MI). The weed control 
treatments were applied three weeks after initiation of grass cutting heights and thus 
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dandelion plants were eight weeks old. Prior to weed control treatment applications, aIl 
plants were misted lightly with water for two min. duration to aid barley grit adhesion 
with dandelion leaves. 
The plants were grown in the greenhouse at 20 ± 2°C with 15 h oflight per day at a 
minimum photon flux density of 350 ± 50 flmol m-2 S-I. Plant containers received 
programmed drip irrigation of 150 mL 3 x dail. To enhance the establishment of the 
plants, a 15:15:30 N-P20 5-K20 with micronutrients (Plantex®, Plant Product Co, 
Brampton, ON) was applied at 3.5 g L-1 when the dandelions were five weeks old. 
Symptoms of damage to dandelions were visually estimated weekly for four weeks 
after application using a 0 to 10 visual scale compared to the control within the same 
mowing height and the same block, where 0 = < 9%, 1 = 10-19% .... 9 = 90-99% and 10 
= 100% collapse of aboveground biomass. Data were converted back to a percentage for 
analysis and presentation (after Schnick et al. 2002). Plant regrowth was measured as a 
reduction in % damage by estimating the biomass of new leaves produced post 
inoculation compared to the control within the same mowing height and the same block. 
Dànîage estimates of the four plants in each container were averaged and analyzed as one 
experimental measure. The number of post inoculation dandelion plants that survived 
was recorded weekly for six weeks. Six weeks after application, aU of the dandelion 
plants were carefuUy removed from the soil to extract their entire tap root. The roots 
were thoroughly washed and dissected above the crown, separating above ground and 
below ground biomass. AUleaf or root biomass from each container was bulked, placed 
in paper bags, oyen dried at 80°C for 72 h, and then weighed. 
The experiment was a split-plot design with five replications and was conducted 
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twice through time (Jan 2003 and Jan 2004). Main plots were weed control treatments 
and subplots were grass heights. In the repeat trial in 2004, the non-colonized autoclaved 
barley grits treatment was omitted and excluded from the pooled analysis as no 
significant differences were obtained for any of the studied parameters when compared 
with the untreated treatment in the first trial. Data for each parameter from the two 
experimental trials were subjected to the Bartlett test of SAS (SAS Institute Inc., Cary, 
NC, 2002) to test for homogeneity of variances. Data for aIl parameters were 
homogeneous, thus they were pooled. The main effects ofweed control treatments, 
mowing heights, and their interaction were determined using ANOV A of SAS, and the 
effects oftime on aboveground damage, data were analyzed using SAS GLM procedure 
of repeated measures. The means were separated using the Tukey test at P = 0.05 (SAS 
Institute Inc., Cary, NC, 2002). 
5.3.3. Effect of S. minor and mowing height on dandelion control in the field 
Two field experiments were conducted, one in each of two different sites on the 
M~cdonald Campus of Mc Gill University, in Ste-Anne-de Bellevue, QC (45°25'N 
latitude, 73°55'W longitude, 39.00 m elevation). The climate data for the two years of 
study (2003 and 2004) are summarized in Table 5.1. Study Site-l (2003 experiment) was 
approximately 600 m2 on a loamy sand soil (coarse sand = 9%, fine sand 73%, silt= 12%, 
clay= 6%) with a pH of7.15 and 8% organic matter. The lawn was established in 1973 
and received low maintenance management throughout its history except for repeated 
mowing during the growing season (May to October). The grass sward was 
approximately 60% Kentucky blue grass, 30% perennial ryegrass, patches oftimothy 
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(Phleum pratense L.), and rare occurrences of annuai blue grass (Poa annua L.). The 
Iawn flora was highly diversified with broadleafweeds (17 species were observed 
throughout the study period) and the dominant weed species was dandelion (Taraxacum 
officinale) with 50-60 plants m-2 recorded prior to the spring treatment application. 
Study Site-2 (2004 experiment) was located in an open lawn area of approximately 
600 m2 with low human disturbance, established in 1980. The turf at site -2 was in better 
visual quality than in Site-l with mainly Kentucky blue grass (~90%) and 10% red 
fescue (Festuca rubra L.). Herbicides had not been applied for the past 10 years and the 
major broadleaf species were dandelion (60-70 plants m-2), white clover (Trifolium 
repens L.) and broadleafplantain (Plantago major L.). The soil was loamy sand (12% 
coarse sand, 75% fine sand, 7% silt and 6% clay) with a pH of7.2 and 6.6% organic 
matter. 
Both field experiments were established in May and maintained until the end of 
October. Study sites (20 x 30 m) were marked with metal posts and plastic ropes and the 
corners of each plot were permanently marked by wooden sticks to maintain plot 
integfity for the duration of the study. The area of the experimental unit (plot) was one 
meter square with 0.8 m alleys between plots. The distance between any two blocks was 
2-3 m. The experimental design was a split plot with four replications. Mowing heights 
were the main plots and weed control treatments were the subplots. The three levels of 
mowing heights, 3-5 cm, 7-10 cm, and 12-15 cm were initiated two weeks prior to weed 
control treatment applications. Plots were mowed weekly, except during the two-weeks-
post weed control treatment period, with agas powered rotary push mower. Grass 
clippings were returned during July and August to act as a source of nitrogen (Kopp & 
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Guillard 2002), but removed during other months during the six-weeks-post treatment 
periods to avoid cross contamination between blocks. 
Four levels ofweed control were imposed on 15-May and on 15-September at each 
study site: 1) untreated control, 2) a broadcast foliar application of Killex™ at 1.7 kg aj. 
ha- I (200 ml m-2 of 0.6% of original concentration), 3) a broadcast application of60 g m-2 
granular formulation of S. minor, and 4) a broadcast application of 120 g m-2 granular 
formulation of S. minor. The herbicide was applied onto the grass surface using a 1.18 L 
vacuum sprayer. The S. minor formulation was applied using a 200 ml plastic bottle 
fitted with a perforated lid (~1 0 mm diameter) with suitable openings to pass the barley 
grits. If there was no rainfall on the day of application or the grass was not wet, the entire 
field was sprinkler irrigated for two hours prior to late aftemoon treatment applications. 
No additional irrigation or fertilization management was applied during the course of the 
study. 
The number of dandelions was counted in each plot the day before weed control 
treatments, and on a single day in the last week of each month thereafter. In order to 
monItor post treatment recovery of dandelions, 10. dandelion plants in each of the fungal 
treated plots were randomly marked using white coloured pins prior to treatment 
applications. In Site-2, the number of dandelion seedling recruits versus mature plants in 
each plot was counted every two weeks starting two weeks after application (30-May) 
and continuing to the end of June. 
Dandelion density data were adjusted using the "Before-After, Control-Impact 
(BAC!) equation" (Green 1979) to overcome spatial heterogeneity data differences from 
pretreated time (15 May) and also to overcome the effect of progression in time. 
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BACI value = (At / Bt) / (Ac/Bc) x 100 (equation 1) 
Where, B = dandelion density at the time oftreatment (before the impact), A = dandelion 
density after treatment (after the impact), t = treatment, and c = control. The control used 
for comparison was the untreated plot at the same mowing height in the same block. To 
realize the effect of mowing heights on dandelion in untreated plots, the value obtained 
from the three mowing heights within the same block were averaged and used as control 
in equation 1. 
Data for each time period from the two years (two study sites) were subjected to 
Levene procedure (SAS Institute Inc., Cary, NC, 2002) for testing homogeneity of 
variances. Because of differences in environmental conditions between years and/or 
locations, monthly data were heterogeneous except for the spring pre-treatment 
application (mid of May); two-weeks-post application (end of May); six-weeks-post 
application (end of June), and for post control season average. Therefore, the season 
average, the two-weeks- and six-weeks-post application data from the two experiments 
were pooled and treated as one experiment. The 120 g m-2 S. minor treatment was 
excluded from the analysis as no significant differences were obtained in comparison 
with the 60 g m-2 treatment for an studied parameters. Normality for each parameter was 
tested on model residuals using the Shapiro-Wilk test (SAS Institute Inc., Cary, NC, 
2002). Data were analyzed using ANOV A to determine the significant interactions 
among mowing heights and different weed control treatments. Differences in treatment 
means were determined using Tukey's test (SAS) at P = 0.05. 
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5.4. Results 
5.4.1. Effeet of S. minor and mowing height on dandelion control in the greenhouse 
Eight-week-old dandelions (6-8 leaves) were highly susceptible to the S. minor 
application. The above ground biomass in aU treated plants coUapsed during the first 
week after application (Figure 5.1). Symptom expression was more rapid with S. minor 
and at I-month-post application it was more effective than the herbicide (KiUex™). The 
herbicide and the S. minor treatments caused highly significant (P =:;0.01) above ground 
biomass damage to the dandelion plants. S. minor caused significantly more damage than 
the herbicide over the entire study period (Figure 5.1). 
Mowing height had no significant effect on dandelion above ground damage in any 
of the weed control treatments (Figure 5.1), but the above ground and root biomass of 
untreated dandelion were significantly reduced under the 5-10 cm compared with 15-20 
cm mowing heights (Figure 5.2A & B). At six-weeks-post application, both S. minor and 
the herbicide caused highly significant (P <0.01) above ground and root biomass 
reduction compared with untreated plants. Biomass reductions were greater for S. minor 
(Flgtire 5.2A & B). The plants surviving the initial S. minor treatment had short, weak 
roots and few leaves sprouted from the crown (Figure 5.3). Regrowth foUowing S. minor 
treatments was least when combined with the closest mowing height (5 cm) (Figure 5.4). 
5.4.2. Effeet of S. minor and mowing height on dandelion control in the field 
The greatest effect of S. minor was observed two weeks after application when dandelion 
densities declined by 65 to 95%. Under the 7-10 and 12-15 cm mowing heights, the 
effect of the S. minor (60 g m-2) was significantly greater than that of the herbicide, but at 
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the 3-5 cm mowing height, the effect of S. minor and the herbicide were similar two 
weeks after application (Figure 5.5A). 
Six weeks after application, dandelion densities within untreated plots were reduced 
by mowing at 3-5 cm compared to mowing at 7-10 or 12-15 cm (Figure 5.5B). Dandelion 
population densities were reduced more by the herbicide than by S. minor at aH mowing 
heights six weeks after application (Figure 5.5B). Under close mowing (3-5 cm), 
dandelion densities in S. minor-treated plots increased from 35 to 80% between two and 
six weeks post application (Figure 5.5B). 
The BACI post application average of dandelion population densities over the 
entire growing season (Figure 5.5C) illustrates the recovery ability of the dandelion 
population and also the accumulated affect of mowing. While the effect of mowing 
heights was concealed under the strong effect of the chemical herbicide treatment, it was 
apparently able to interact significantly with seasonal average dandelion density in 
untreated and fungal treated plots (Figure 5.5C). 
Prior to the spring treatment, approximately 50% of the dandelion plants in aU plots 
wer€ new seedling recruits (Figure 5.6). In untreated plots, these recruits decreased 
gradually to approximately 10-20% of the population by six weeks after application 
(Figure 5.6) mostly due to rise in temperature (Table 5.1). In herbicide treated plots, no 
seedlings were observed after two- and four-weeks-post application and very few at six 
weeks after application. In S. minor treated plots, the ratio of recruitments to mature 
plants was highly variable according to time and mowing factors. Within the first two-
weeks-post application, no seedlings were observed under the 7-10 and 12-15 cm 
mowing heights but a small number (less than 5 m-2) was reported under the closest 
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mowing height (Figure 5.6). After four weeks, the large recruitment of seedlings under 
the close st mowing height resulted in significantly more mature plants after six weeks 
compared with the other mowing heights (Figure 5.6). 
Two weeks after S. minar treatment, the percentage of dandelion plants that 
regenerated after complete foliar damage was significantly less in the spring (up to 15%) 
than in the faU (up to 32%) treatments. Although the mowing height did not affect the 
percentage of root regrowth after the spring treatment of S. minar, there was significantly 
1ess regrowth under the closest mowing height (22%) compared with the two higher 
heights (33%) after the faU treatment (Figure 5.7). 
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Table 5.1. Weather data for Ste-Anne-de-Bellevue, Quebec during the two years of study 
2003 and 2004. Environment Canada Meteorological Data. Ste-Anne-de-Bellevue 
Station. 
TemEerature (OC) R~lative humidi~ ~%} Rainfall ~mm} 
Month/ ~ear Average Min Max Average Min Max Total monthl~ 
May-03 13 2 28 70 15 100 136 
May-04 7 -1 29 68 22 100 123 
June-03 17 7 32 70 27 100 124 
June-04 17 4 29 65 26 99 226 
July03 20 11 30 73 27 100 357 
July-04 20 11 31 75 30 99 574 
August-03 22 14 29 79 35 100 53 
August-04 19 8 29 78 45 100 182 
September-03 17 5 29 77 31 100 416 
September-04 16 5 26 79 41 100 96 
Oct,Qber-03 7 -2 29 80 31 100 222 
October-04 9 2 25 77 33 100 85 
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Figure 5.1. Effect ofmowing heights and weed control treatments on above ground 
damage (%) of dandelion in a grass planting. Within each post application time, the 
means of the three weed control treatments are significantly different at the 1% level 
according to Tukey test. 
(1): Spot application of a granular formulation of S. minor at 0.2 g planr l . 
(2): Broadcast foliar application of Killex™ herbicide (2,4-D, mecoprop and dicamba) at 
a rate of 1. 7 kg a.i. ha-1 
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Figure 5.2. Effect ofmowing heights and weed control treatments on aboveground (A) 
and root (B) biomass of dandelion, six weeks after treatment application. Mowing 
heights were initiated one month prior to treatment application and maintained 
throughout the study period. Within the same graph, bars with a common letter are not 
significantly different at the 5% level according to Tukey's test. 
(1): Spot application of a granular formulation of S. minor at 0.2 g planrl . 
(2): Broadcast foliar application of Killex™ herbicide, at a rate of 1.7 kg a.i. ha- I • 
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Figure 5.3. A comparison of the above and below ground biomass between untreated 
dandelion (two plants above) and dandelion regrown six weeks after inoculation with 
Sc/erotinia minor (three plants below). 
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Figure 5.4. Effect of mowing height on dandelion root regrowth, six and eight weeks 
after S. minor inoculation. Within each post application time, bars with a common letter 
are not significantly different at the 5% level according to Tukey's test. 
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Figure 5.5. Effect of mowing heights and weed control, treatments on post application 
dandelion density after two weeks (A), six weeks (B), and season average (C). Mowing 
heights were initiated two weeks prior to spring application and maintained throughout 
the experiment. Within the same graph, bars with a common letter are not significantly 
different at the 5% level according to Tukey test. 
(1): Broadcast foliar application ofKillex™ herbicide, at a rate of 1.7 kg a.i. ha- I . 
(2): Broadcast of a granular formulation of S. minor at 60 g m-2• 
(3): Before-After, control-Impact = (At / Bt) / (Ac /Bc) x 100, B = density before 
treatment; A= density after treatment; t = treated and c = control. 
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Figure 5.6. Effect of mowing heights and weed control treatments on seedling and 
mature plant densities of dandelion after spring application (15 May 2004). S. minor rate 
= 60 g m-2; Killex™ herbicide rate = 1.7 Kg a.i./ha. Within a plant stage in each graph, 
bars labelled with a common letter are not significantly different at P = 0.05 according to 
Tukey's test. 
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Figure 5.7. Effect of mowing heights on regrowth of dandelion roots, three-weeks-post 
treatment application. Mowing heights were initiated two weeks prior to spring 
application and maintained throughout the experiment. Bars with a common letter are not 
significantly different at the 5% level according to Tukey's test. 
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5.5. Discussion 
Previous studies on the virulence and efficacy of S. minor on dandelion have 
demonstrated its biocontrol potential (Ciotola et al. 1991; Riddle et al. 1991; Brière et al. 
1992; and Stewart-Wade et al. 2002a). Our results support those studies and indicate the 
importance of correct mowing regimes on dandelion survival rates as influenced by S. 
minor. 
In the absence ofweed control, periodic mowing at any of the studied levels was not 
effective in controlling dandelion. However compared to other heights, periodic mowing 
at ~cm caused significant reduction in root biomass and field population density of 
dandelion, but close mowing height caused a significant increase in broadleaf 
groundcover percentage and diversity (Chapter 6). In another study, mowing every two 
weeks eliminated field bindweed but did not prevent dandelion colonization (Timmons 
1950). The high regenerative capacity of dandelion roots (Stewart-Wade et al. 2002b) is 
the main cause of recolonization. 
The level of mowing height capable of exerting significant stress on plants is highly 
vari;ble and depends mainly on the plant species, the surrounding environment, the time 
of the year, and the frequency ofmowing (Zanoni et al. 1969; Meyer & Schmid 1999; 
Liu & Huang 2002 and Narra et al. 2004). Although close mowing may be harmful to 
weeds, it may also be harmful to turfgrass species resulting in increased weed infestation 
by tipping the competitive balance in favor of the weeds (Busey 2003). The major 
turfgrass species in our fields were Kentucky bluegrass and perennial ryegrass, and in 
well maintained turf, both species are recommended to be mowed at a medium height, 
~5-7 cm (Turgeon 1985; Fry & Huang 2004). Therefore, our grass mowing regime at :::;;5 
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cm may have impacted the growth and survival of dandelions resulting in increased 
colonization by competitive species with more resilience and tolerance to close mowing. 
Under greenhouse conditions, the severe effect of the fungus on above and below 
ground biomass of dandelion was apparent on the third day after application and was 
complete within two weeks. Mowing height had no effect on the efficacy of S. minor in 
the greenhouse experiment. This could be explained by the rapid destructive nature of S. 
minor, a necrotrophic fungus causing wilting, collapse and death of the infected plant 
parts (Abawi & Grogan 1979; Melzer et al. 1997). This rapid destruction is achieved in 
high moisture conditions over a wide range oftemperature (5-25°C) (Melzer & Boland, 
1994). Therefore, the variation among the microenvironments within these mowing 
regimes likely did not affect S. minor performance. 
In our field experiments, two dates were chosen, 15 May and 15 September, to 
synchronize two factors; 1) suitable climatic condition for S. minor to cause disease, and 
2) high abundance of dandelion during periods of recruitment. Average daily mean 
temperature, relative humidity, and dew point for the two-weeks-post application period 
.., 
were 15°C, 78% RH and 10.6°C, respectively. Under these conditions the fungus needs 
only 2-3 days to germinate, invade and colonize dandelion plants. The maximum effect 
of the fungus occurs within 10-14 days and then the fungus dies and disintegrates on the 
soil surface (Appendix-2). Thus, the maximum effect of S. minor on dandelion density 
was obtained two weeks after application. Foliar turfgrass pathogens can cause more 
disease in microenvironments with higher canopies (Fagemess & Yelverton 2001; Martin 
et al. 2001), but disease incidence oflettuce, a major host of S. minor, was not affected 
by different microclimates of the crop canopy (Melzer & Boland 1994). 
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By two weeks after application in the field, the fungus destroyed most of the 
dandelion population in aH treated plots without being influenced by changes in the 
microenvironment under the different mowing heights. In the 3-5 cm mowing height 
plots, bare soil was exposed within the thin grass canopy allowing greater sunlight 
interception at the soil surface. Consequently, high dandelion seedling recruitment 
occurred after the fungus lost viability and died. FuHlight is a major requirement for 
germination of dandelion seeds (Letchamo & Gosselin 1996) and buried seeds are unable 
to germinate (Noronha et al. 1997). 
After the effect of S. minor declined, dandelion seeds started to germinate and 
seedling emergence continued until the end of June, and then germination declined. At 
mid June, significantly greater seedling emergence occurred in plots with the 3-5 cm 
mowing height compared with the 7-10 and 12-15 cm mowing heights. Therefore, at six-
weeks-post application, population density of dandelion increased significantly in the 3-5 
cm mowing height plots compared with other mowing heights and became similar to 
untreated plots. In plots treated with S. minor, dandelion re-established from seeds and 
.., 
survived better under the 3-5 cm mowing height than under the 7-10 cm and the 12-15 
cm mowing heights. Consequently, dandelion biocontrol with the fungus at the two 
higher mowing heights was as effective as the chemical herbicide. 
The initial effect of the herbicide on dandelion density was much slower than that of 
the fungus, but by six-weeks-post application the density was reduced by 90%, 
significantly lower than S. minor effect. Mowing height did not interact with the 
herbicide effect. Seedling recruitment after the herbicide treatment was very low, due to 
persistence of the herbicide in the soil with a half-life of 2-269 days reported (Cox 1999). 
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Treating dandelion at the reproductive stage with KiUex™ reduced the germination 
potential down to 4.8% and 18.4% after spring and faU treatments, respectively (Abu-
Dieyeh et al. 2005). Moreover the herbicide treatment significantly reduced dandelion 
seed bank (10 cm depth) compared with the untreated, control plots (Chapter 7). 
Root regeneration of dandelion is one of its competitive features and makes control 
a difficult task (Stewart-Wade et al. 2002b) since a small section of root can propagate a 
new plant when covered by 5-10 cm ofsoil (Falkowski et al. 1989). Our greenhouse 
results indicated that S. minor caused a highly significant reduction of root biomass, but 
20-50% of the treated dandelions had resprouted from the roots at six-weeks-post 
application. Resprouted plants were very weak lacking vigour and characterized by tiny 
roots and tiny leaf shoots. Thus S. minor is not only attacking aboveground biomass of 
dandelion but also affecting the roots, leaving them less likely to survive grass 
competition and more prone to other biotic and abiotic stresses, especiaUy winter frost. 
Under greenhouse conditions, the closest mowing height caused significant reduction of 
sprout percentage compared with the two higher mowing heights (15 and 20 cm). There 
was no difference in the number of resprouted dandelions obtained at eight-weeks-
compared with six-weeks-post application. No signs of disease development by S. minor 
were observed on these new shoots, but the weakness of the root caused by the direct 
effect of the fungus on the mother plants may diminish its survival under the additional 
stress of grass competition. The extensive defoliation stress caused by repeated mowing 
at the 5 cm level reduced the root biomass significantly in untreated plants and this may 
explain the reduction of regrowth under this mowing height. Similarly in other perennial 
plants, repeated defoliation reduced regrowth ability of Ranuncu/us acris L., after 
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infection by the fungus S. sclerotiorum (Green et al. 1998) and repeated cutting 
integrated with a rust fungus, Puccinia punctiformis exerted synergistic control effects on 
growth rate and reproductive success of Cirsium arvense (Kluth et al. 2003). 
Mowing heights were initiated two weeks prior to the spring application, hence 
stress on the roots would not be strong, whereas the accumulative effect of defoliation 
stress by mowing at the 5 cm level over the growing season prior to the faH treatment 
resulted in significantly less root regrowth compared with other heights. Dandelion, 
allocates more resources for flowering and vegetative growth in the spring (Cyr et al. 
1990) while nitrogen resources are restored in the roots at the end of summer (Rutherford 
& Deacon 1974) which may explain the increase in the percentage ofregrowth in the faU. 
The maximum regrowth percentage reported in the field is lower than greenhouse 
experiment which indicates that field environments exert more ecological stress on 
dandelion leading to improved performance of S. minor. 
In conclusion, in a low-maintained cool-season turf environment, integrating S. 
minor with appropriate mowing could be as effective as a herbicide. Dandelion 
-
suppression was the least under close mowing due to the new opened environment which 
induced more germination from the soil seed bank. Extensive periodic defoliation by 
mowing and application of S. minor on flowering dandelion (spring application) might be 
the cause of decreasing dandelion root survival through exhaustion of the root 
carbohydrate and nitrogen reserves. Understanding these physiological changes in 
dandelion roots under different mowing heights will support successful deployment of S. 
minor for dandelion control. Additionally, monthly monitoring of the weed species 
1 
dynamics and turfgrass quality provides a good portrayal of the biocontrol system. 
,/ 
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PREFACE TO CHAPTER 6 
Various turf management activities may influence weed population dynamics and 
Interfere with weed control. A bioherbicide approach côuld be enhanced if combined 
with cultural management practices. Mowing is a mechanical stress that could 
differentially affect weed communities and select certain weed species. Repeated 
mowing could change weed species composition and abundance. Weed shifts toward 
more tolerant populations to certain che mi cal and cultural practice are major 
management concerns. In Chapter 6, the same two field study sites mentioned in the 
previous chapter were monitored for two years to investigate the effect of mowing 
heights, in combination with the S. minor biocontrol and the standard chemical herbicide, 
on the population dynamics of dandelion and other broadleaf weed species and the 
impact on turf quality. 
The results of Chapter 6 have been prepared in manuscript forrn to be submitted to 
the Journal of Plant Interactions. The manuscript is co-authored by Professor Alan K. 
Watson, my supervisor. 1 designed the experimental set-up, perforrned the experiments 
and the statistical analysis, and wrote the manuscript. Professor Watson supervised the 
work, provided financial and technical resources, and corrected the manuscript. 
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CHAPTER6 
Impact of mowing and weed control on broadleaf weed population 
dynamics in turf. 
MOHAMMED H. ABU-DIEYEH & ALAN K. WATSON 
Department of Plant Science, McGill University, 21,111 Lakeshore Road, 
Ste-Anne-de-Bellevue, Quebec, Canada, H9X 3V9 
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6.1. Abstract 
1. Turfgrass is a man made setting adversely affected by common dandelion (Taraxacum 
officinale) and other broadleaf weeds. Control of these weeds in temperate turfgrass has 
been readily achieved with phenoxy and like herbicides. The herbicide option has been 
revoked through municipal and provincial legislation in many regions of Canada, 
necessitating the need for alternative approaches. 
2. Various turf management activities may influence weed population dynamics and 
interfere with weed control. The effects of a biocontrol agent, Sclerotinia minor, a 
che mi cal herbicide, Killex™, and defoliation stress at three different mowing heights on 
broadleaf weed dynamics were examined in two turfgrass stands for two consecutive 
years. 
3. Mowing did not reduce the average or the monthly population densities of dandelion 
or the percentage ground cover of broadleaf weeds. In the second year, mowing 
significantly reduced the density of white clover (Trifolium repens), but significantly 
increased broadleaf plantain (Plantago major), particularly at the closest mowing height 
-(3-5 cm). 
4. Apart from the 3-5 cm mowing height, no differences in efficacy were obtained 
between the S. minor and Killex™ treatments on the densities of dandelion, white clover, 
broadleaf plantain, and prostrate knotweed (Polygonum aviculare). Common mallow 
(Malva neglecta) increased in herbicide treated plots and other species including yellow 
woodsorrel (Oxalis stricta), yellow toadflax (Linaria vulgaris), and lambsquarters 
(Chenopodium album) increased in abundance in plots mowed at the closest height (3-5 
cm) and in plots treated with Killex™. 
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5. The reduction in dandelion densities and percentage broadleaf ground cover one 
month after Killex™ application persisted throughout the study period, unaffected by 
mowing height except in September of the 1 st year when the density of dandelion was 
significantly greater at the 3-5 cm mowing height èompared with the other heights. 
Significant differences between Killex™ and S. minor treatments on dandelion 
population dynamics were rarely present and did not favour either treatment. After S. 
minor treatment, turf quality gradually improved over the study period at both sites with 
lower values at the "3-5 cm mowing height. There were no signs of damage to the grass 
species due to repeated S. minor treatments. Similarly, Killex™ treatment improved turf 
quality even at the 3-5 cm mowing height, but grass damage in three out of 12 plots was 
followed by smooth crabgrass (Digitaria ischaemum) invasion. 
6. The S. minor (lMI 344141) formulation combined with regular mowing at ~ 7 cm was 
as effective as Killex™ for broadleafweed suppression. 
Keywords: Taraxacum officinale, common dandelion, Sclerotinia minor; weed 
--: 
population dynamics, turfgrass, biological control. 
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6.2. Introduction 
Weeds are symptomatic ofa weakened turf, not the cause ofit (McCarty et al. 2001). 
Weed growth occurs in turfunder adverse environmental conditions and when the soil 
has been exposed or disturbed by compaction, planting,or maintenance activities 
(Mc Cart y et al. 2001). Mowing is the most basic turfgrass cultural practice and affects 
most other cultural operations (Turgeon 1985). Mowing is stressful to turfgrass, 
removing much of the photosynthesizing tissues leading to exhaustion of carbohydrate 
reserves during regrowth (Fry & Huang 2004). The exact tolerated mowing height for a 
specifie turfgrass is difficult to predict because it is a result of interactions between 
turfgrass genotype, climate, cultural practices, time of the year, and other environmental 
influences (Turgeon 1985; Fry & Huang 2004). As a consequence ofmowing, population 
abundance and diversity ofweeds may change and create new competitive environments 
amongst existing weed species and between the crop (turfgrass) and the weeds (Busey 
2003). Practices that favour crop growth will generally disfavour weed abundance 
(Radosevich et al. 1997). Cultural management practices have been used to control 
w~eds in turfgrass for sorne time and reliance on cultural management to control 
turfgrass weeds may reduce dependence on synthetic pesticides (Busey 2003). 
Herbicides, like 2,4-D (2,4-dichlorophenoxy acetic acid) and three-way mixes of 
2,4-D + mecoprop «±)-2-(4-chloro-2-methylphenoxy) propanoic acid) + dicamba (3,6-
dichloro-2-methoxybenzoic acid) have been widely used to control broadleaf weeds in 
turfgrass. However, herbicide use on lawns has come under severe pressure from 
environmental and public health perspectives (Robbins & Birkenhlotz 2003), resulting in 
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various levels of government enacting legislation inhibiting or banning the use of 
pesticides in urban areas (Riddle et al. 1991; Schnick et al. 2002; Cisar 2004). 
In response to herbicide use restrictions, good management practices are being 
promoted and alternative approaches including biological are being researched 
(Neumann & Boland 2002, Stewart-Wade et al. 2002a, Zhou et al. 2004). Sclerotinia 
minor Jagger is an Ascomycete with suppressive effects on dandelion and other broadleaf 
weeds in turfgrass systems (Ciotola et al. 1991, Riddle et al. 1991, Brière et al. 1992, 
Schnick et al. 2002, Stewart-Wade et al. 2002b, Abu-Dieyeh & Watson 2006: Chapter 5). 
Several authors (Burpee 1990; Kennedy & Kremer 1996; Radosevich et al. 1997; 
Cousens & Croft 2000) have emphasized the importance of studying the ecology and 
population dynamics of weeds to enhance weed biocontrol programs. In general, any 
weed control method removes or suppresses targeted species, but this activity may result 
in modification or disruption of the habitat of other organisms (Radosevich et al. 1997). 
Therefore an ecological approach broadens management options and decreases the 
probability offailure (Booth et al. 2003). Combining a fungal pathogen with defoliation 
h~s been shown to increase suppressive effects on weeds, compared with the pathogen 
alone (Green et al. 1998; Kluth et al. 2003). 
In this study, interactions between mowing heights and two different control 
strategies, a common three-way mix herbicide, Killex™, and a biological control, S. 
minor, on the population dynamics of dandelion and other broadleaf weeds were 
investigated. The field experiments were conducted for two years in two low-
maintenaned turf environments. 
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6.3. Materials and Methods 
6.3.1. The fungus formulation 
Sclerotinia minor (IMI 344141) was isolated from diseased lettuce plants (Lactuca sativa 
L.) from south western Quebec and the stock culture was maintained as sc1erotia at 4°C. 
The mycelia of the germinated sc1erotia were used to inoculate autoclaved barley grits 
(1.4-2.0 mm diameter) as described in Abu-Dieyeh and Watson (2006: Chapter 5). 
S. minor granular formulations were freshly prepared two weeks prior to treatment 
application. Viability and virulence of the fungal inoculum were assessed prior to use by 
placing ten granules from each bag on the surface of PDA plates and another ten granules 
onto excised dandelion leaves. The diameter of colonies and les ions caused by the fungus 
were measured after 24 and 48 h of incubation. Previous unpublished quality control 
studies indicate viable batches to have colony diameters of 14-30 mm after 24 h and 40-
70 mm after 48 h and virulent batches to have an average lesion diameter > 15 mm after 
48 h of incubation. 
6.3.2. Site description and plot layout design (see Abu-Dieyeh & Watson 2006: 
Chapter 5) 
The field experiments were conducted in two different Sites on the Macdonald Campus 
of McGill University, in Ste-Anne-de Bellevue, QC (45°25'N latitude, 73°55'W 
longitude, 39.00 m elevation). Each field experiment was conducted from May to 
October for two consecutive years. The climate data for the years of study are 
summarized in Table 6.1. 
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Study Site-l (2003-2004 experiment) was approximately 600 m2 on a loamy sand 
soil (coarse sand = 9%, fine sand 73%, silt= 12%, clay= 6%) with a pH of 7.15 and 8% 
organic matter. The lawn was established in 1973 and received low maintenance 
throughout its history except for repeated mowing during the growing season (May to 
October). The grass sward was approximately 60% Kentucky bluegrass (Poa pratensis 
L.), 30% perennial ryegrass (Lotium perenne L.), patches oftimothy (Phleum pratense 
L.), and rare occurrences of annual blue grass (Poa annua L.). The lawn flora was highly 
diversified with 17 broadleaf species observed throughout the study period and 
dominated by dandelion (Taraxacum officinale Weber). Dandelion density was 50-60 
plants m-2 prior to the spring treatment application. 
Study Site-2 (2004-2005 experiment) was located in an open lawn area of 
approximately 600 m2 that was established in 1980 and managed with low maintenance. 
The turf at Site-2 was superior in visual quality compared with Site-1 with mainly 
Kentucky bluegrass (~90%) and 10% red fescue (Festuca rubra L.). Herbicides had not 
been applied for the past 10 years and the major broadleafspecies were dandelion (60-70 
plants m-2), white clover (Trifotium repens L.), and broadleafplantain (Plantago major 
L.). The soil was loamy sand (12% coarse sand, 75% fine sand, 7% silt and 6% clay) 
with a pH of7.2 and 6.6% organic matter. 
Field experiments were established in May, one in 2003 and the other in 2004, and 
maintained until the end ofOctober of the following years. The study sites (20 x 30 m) 
were marked with metal posts and plastic ropes and the corners of each plot were 
permanently marked by wooden sticks to maintain plot integrity for the duration of the 
study. The experimental unit (plot) was one meter square with 0.8 m alleys between 
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plots. The distance between any two blocks was 2-3 m. The experimental design was a 
split plot with four replications. Mowing heights were the main plots and weed control 
treatments were the subplots. The three levels of mowing heights, 3-5 cm, 7-10 cm, and 
12-15 cm were initiated two weeks prior to weed control treatment applications. Plots 
were mowed weekly, except for two weeks after treatment, with agas powered rotary 
push mower. Grass clippings were retumed during July and August to act as a source of 
nitrogen (Kopp & Guillard 2002), but removed during the six-weeks-post treatment 
periods to avoid cross contamination between blocks. 
Four levels ofweed control were imposed on 15-May and on 15-September at each 
study site in each year (a total of four applications per site) : 1) untreated control, 2) a 
broadcast foliar application of Killex™ at 1.7 kg a.i. ha-1 (200 ml m-2 of 0.6% of original 
concentration), 3) a broadcast application of 60 g m-2 granular formulation of S. minor, 
and 4) a broadcast application of 120 g m-2 granular formulation of S. minor. The 
herbicide was broadcast applied onto the grass surface using a 1.18 L vacuum sprayer 
(Horne and Garden sprayer. Model no 1998. RLFlO-Master Premium, Root-Lowell 
Manufacturing Co, Lowell, MI). The S. minor formulation was broadcast applied using a 
200 ml plastic specimen bottle fitted with a perforated lid (~1 0 mm diameter) with 
suitable openings to pass the barley grits. If there was no rainfall on the day of 
application or the grass was not wet, the entire field was sprinkler irrigated for two hours 
prior to late aftemoon treatment applications. No additional irrigation or fertilization 
management was applied during the course ofthe study. The spring and fall treatment 
application dates, May 15 and September 15, represent near peak dandelion densities, 
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usual period for herbicide application, and climatic conditions at these times are 
advantageous for the fungus. 
6.3.3. Measurements and data analysis 
The numbers of dandelions and other broadleaf weed species were counted in each plot 
and the percentage ground cover of broadleafweeds was estimated in each plot the day 
before the weed control treatments and the last week of each month thereafter. For white 
clover (Trifolium repens) the number was estimated by measuring how many 10 cm 
diameter patches of white clover covered tht? ground of a plot. In each monthly 
assessment survey, turfgrass quality was also visuaUy assessed using a growth rating of 
0-100 based on combinations of color and density where 0 = no growth and 100 = 
complete uniform turf (Johnson and Murphy 1992). As the study sites are low-
maintained turf, the acceptable visual quality according to the used scale is 50%. 
Season average densities were also calculated for species that were presented 
uniformly between the blocks and found continuously through the season. Season 
average densities were calculated as an average of the eight assessments done in each 
season from May to October including the two pre application assessments done in the 
mid of May and September. The rationale for "season average density" values was to 
account for the indirect effects due to new environments created by the treatments, 
especiaUy changes in grass ground cover and vigour, and to account for the species that 
establish after spring treatments and complete their life cycles before the faU treatment in 
September. 
Statistical analyses were conducted using the SAS statistical package (SAS Institute 
Inc., Cary, NC, USA, 2002). Monthly data from the two field sites were subjected to 
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Levene test of SAS. Because of differences in environmental conditions between years of 
study and/or differences in turf establishment between sites most of the monthly data 
from the two field experiments were heterogeneous, data were not combined, but 
analyzed for significance and mean comparisons separately. The 120 g m-2 S. minor 
treatment was excluded from the data analysis of dandelion density, percentage ground 
co ver, and broadleaf diversity as no significant differences were obtained in comparison 
with the 60 g m-2 treatment. Normality for each parame ter was tested on model residuals 
using the Shapiro-Wilk test. Data were analyzed using GLM procedure of repeated 
measures to determine the significant interactions among mowing heights and different 
weed control treatments through time. Within each year of study, the pre application and 
post application season average of dandelion density data, season average density data of 
other broadleafweeds and season average turfgrass quality data were analyzed using 
ANOV A for a split plot design. A split-plot in time was used to compare the densities 
between the two years. Differences in treatment means were determined using Tukey's 
test at P = 0.05. 
6.4. Results and Discussion 
Turfgrass systems are man-made and/or man-interfered environments. The abundance 
and diversity of weed species in such systems are mainly affected by the history of 
cultural management practices of the stand, turfgrass species, and climatic and edaphic 
factors (Fry & Huang 2004; McCarty et al. 2001). Since mowing is a necessity for any 
turfgrass planting, the exact tolerated mowing height is the factor of interest rather than 
mowing itself. We have previously reported the effectiveness of combining the 7-10 or 
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12-15 cm mowing height with S. minor on reducing dandelion population densities at 2 
and 6 weeks after application (Abu-Dieyeh and Watson 2006: Chapter 5), but in this two-
year-study, population dynamics of dandelion and other broadleaf weed species were 
monitored monthly in two sites to investigate the interactions between mowing height 
and the weed control treatments. Seventeen species of broadleaf weeds were recorded in 
Site-l with dandelion the dominant species. White clover, broadleaf plantain, common 
mallow (Malva neglecta WallL), prostrate knotweed (Polygonum aviculare L.), yellow 
woodsorrel (Oxalis stricta L.), yellow toadflax (Linaria vulgaris Miller), lambsquarters 
(Chenopdium album L.), and birdsfoot trefoil (Lotus corniculatus L.) were uniformly 
dispersed over the study area but with minor abundance (Table 6.2). Other species listed 
in Table 6.2 were occasional or rare. In Site-2, the turfwas better established, less 
diversified, and dominated by dandelion followed by white clover and broadleafplantain 
(Table 6.3). Annual species such as prostrate knotweed and black medic (Medicago 
lupulina L.) were observed during July and August in both years in untreated plots but 
densities were negligible and not reported. 
6.4.1. Effect of mowing heights on weed dynamics 
In the absence ofweed control, season-Iong mowing at any of the studied heights in the 
first year of study did not reduce season average of dandelion population densities in the 
second year (Tables 6.2 & 6.3), However, at the 3-5 cm mowing height, the season 
average dande1ion density increased in the second year in study Site-l (Table 6.2). 
Moreover, at this close height pre and post application dandelion densities increased in 
the 2nd year by 24-32% and 15-44% respectively (Table 6.4), indicating the adverse 
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impact of mowing at this height. The second year season average density of white clover 
was significantly less than the first year at aIl mowing heights, but broadleaf plantain was 
significantly higher, except at the 12-15 cm mowing height (Tables 6.2 & 6.3). 
Population densities of other species including prostrate knotweed, yellow woodsorrel, 
and mouseear chickweed (Cerastiumfontanum Braumg.) increased in the second year in 
plots mowed at 3-5 cm (Table 6.2). 
Mowing is stressful to plants as it removes much of the photosynthetic ce Ils and 
exhausts the carbohydrate storage reserves (Fry & Huang 2004). But certain perennia1 
weeds can replenish root carbohydrate stores very rapidly (Foster 1989; Donald 1990) 
and in sorne cases cuttings can be advantageous for certain weeds as it removes the old 
and dead tissues and increases the new shoots (Oesterheld & McNaughton 1991). Cutting 
of certain perennial weeds can increase net photosynthetic rate, relative growth rate, 
branching or tillering after release from apical dominance (Strauss & Agrawal 1999). 
Different plants respond differently to periodic mowing and sufficient and frequent 
cuttings are needed to prevent root reserves to be rep1enished between cuts for certain 
perermia1s (Hatcher & Melander 2003). 
In our study, perennial weeds responded differently to mowing, as mowing had no 
impact on dandelion but mowing significantly suppressed white clover. According to 
Warwick & Briggs (1979) close mowing favours short ecotypes or plant species which 
have the potentia1 to grow in a rosette habit like broadleaf plantain. These are similar to 
our findings as plantain increased in the second year in plots mowed at the closest height 
(3-5 cm) (Table 6.3). Low mowing heights are always associated with more weeds 
(Busey 2003) and may change the species composition, abundance and diversity (Meyer 
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& Schmid 1999; Carter et aL 2000; Wilson & Clark 2001; Busey 2003). This may 
explain the trend of increasing the colonization of more than one species at the 3-5 cm 
compared with higher mowing heights (Table 6.2). 
Regular mowing at 2.5 cm every two weeks in other turfgrass environments 
(buffalograss, bentgrass, and Bermuda grass) did not control dandelion (Timmons 1950). 
The close mowing at 3-5 cm reduced the season average dandelion population by 20% 
compared to other heights (7-10 & 12-15 cm) (Abu-Dieyeh & Watson 2006: Chapter 5), 
but our results from this study indicated that the reduction was temporary and occurred at 
the beginning of the study after that the population recovered or increased (Table 6.2). 
The replenishment of dandelion under the low mowing height was due to continuous 
seedling establishment (Abu-Dieyeh & Watson 2006: Chapter 5) forming a younger flat 
rosette habit population of dandelion more tolerated to close mowing. Defoliation of 
dandelion by grazing or mowing increases the rosette radius, decreases the root length, 
and the plant changes from upright to flat growth form (Struik 1967). After grazing, 
dandelion leaf density (number ofleaves m-2) was higher in short pastures than tall 
pastures (Carlassare & Karsten 2003). Those authors explained this success of dandelion 
under short canopies by increasing the overall meristematic points in the protected leaf 
axillary buds located close to ground and below the grazing level and this allows 
dandelion to tolerate close and frequent defoliation. A decrease in dandelion population 
density under increasing grass heights was attributed to shading effects from the grass 
canopy (Molgaard 1977). Shading increased dandelion leaf length and specific leaf area 
(the ratio ofleaf area to leaf dry mass) and due to this dandelion was less susceptible to 
competition for light (Haugland 1993). In our study no significant reduction in the season 
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average dandelion densities occurred at the 12-15 cm mowing height compared with the 
lower heights (Tables 6.2 & 6.3). Our results point out the adaptability of dandelion 
rosettes to different mowing heights without major effects from close (down to 3 cm) to 
high (up to 15 cm) mowing levels. 
Perennial dandelions started to regenerate from over wintered roots in April 
followed by high seedling recruitment as temperatures increased with the dandelion 
population peaking during May. The population then gradually declined reaching its 
minimum during August (Figure 6.1). In September, the lower temperature and higher 
rainfall favoured the graduaI increase in density to form a second peak at the end of the 
month. Subsequently, the dandelion population density gradually declined under the 
effect of cooler temperatures (Figure 6.1). 
Dandelion was the prevalent weed species in both sites and had the highest 
percentage ground coyer throughout the growing season in aIl untreated plots irrespective 
ofmowing height (Figure 6.2). In untreated plots of Site-l, the average number of 
species per plot for the entire study was 4.4 (averaged over the two years and the four 
blocks), with a minimum of two reported in May and June and a maximum of nine 
species reported in August while in Site-2 the average was 3.1 with a minimum oftwo 
reported in May and June and a maximum of five reported in July and August. Mowing 
heights without weed control treatment had no significant effects on weed diversity. 
During summer months (July and August) other broadleaf weeds took the opportunity to 
flourish, mainly annuals like prostrate knotweed, lamb's-quarters, shepherd's-purse, and 
mouseear chickweed, attaining higher densities and frequencies than in other months. As 
a result the highest broadleaf weed diversity occurred during summer months when the 
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dandelion population was at its minimum (Figure 6.3). This would be the result of the 
reduced competitive pressure from the dominant species (dandelion) on other broadlcaf 
weeds. 
Turfgrass survive and predominate in ecosystems \Vith periodic defoliation by fire, 
grazing, or mowing, but mowing below the tolerance level may be harmful to a turfgrass 
species and give weeds competitive advantage (Busey 2003). In this study, mowing alone 
at any level did not improve turf quality at either sites in the two years (Table 6.5), which 
indicates that turf quality was more determined by the level of weed infestation rather 
than regular mowing at a specific height. Close mowing may not be stress fui to the 
present grass species but may disturb the competitive relationship between the interacting 
species and/or increase light penetration throughout the thin canopy and consequently 
encourage certain broadleaf weeds to germinate and tlourish. Mowing alone is not a 
quick and effective method ofperennial weed control (Busey 2003; Hatcher & Melander 
2003), but combining mowing with another control strategy like a herbicide (Lowdey & 
Marrs 1992) or a pathogen (Kluth et al. 2003) could be more effective. 
6.4.2. Interactions between mowing heights and herbicide treatment 
The common herbicide, Killex™, was effective in controlling dandelion and other 
broadleaf weeds under ail studied mowing heights. Although the epinastic bending of 
dandelion leaves and tloral scapes could be se en one week after application, the clear 
suppression of dandelion population was not obtained until six weeks after application 
(Figure 6.1). The effectiveness of2,4-D, in Killex™ as a foliage herbicide is determined 
by the sorption capacity of the plant cuticular wax (Baker & Bukovac 1971) and this may 
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slow the rate of its translocation particularly in well established dandelion population and 
consequently postpone its effectiveness. A low population density of dandelion (less than 
five plants m-2) was maintained until August of the first year without significant 
differences between mowing heights. The surviving dandelions were mainly those grown 
close to plot borders which might receive a concentration of herbicide active ingredient 
beyond the threshold value needed to kill dandelion. 
Dandelion has been classified as intermediate in susceptibility to 2,4-D due to the 
ability of oIder or weH established plant to tolerate it based on the sorption capacity of 
the cuticle (Baker and Bukovac 1971). Six-weeks after application, only one to two 
seedlings recruitments were recorded (Abu-Dieyeh & Watson 2006: Chapter 5) due to 
herbicide persistence in the soil. 2,4-D persistence data is highly variable and its half-life 
in soil varies from 2 to 296 days and could last for one year in grass clipping compost 
(Cox 1999). Treating dandelion with the herbicide, when the population is in its 
reproductive stage, had been shown to reduce germination potential to 4.8% and 18.4% 
after spring and faH treatments, respectively (Abu-Dieyeh et al. 2005). Moreover the 
herbicide treatment significantly reduced the dandelion seed bank (10 cm depth) 
compared with the untreated, control plots (Chapter 7). AH the above evidences indicated 
that the low infestation post to Killex ™ treatment was mainly due to the killing effect of 
the herbicide on dandelion seeds at least in the superficiallayer of soil surface. Since 
buried dandelion seeds are not able to germinate (Dunn & Moyer 1999), the August or 
September recruits were mainly new corners that had the ability to germinate in a 
micro site on the soil surface where the herbicide was partially or completely degraded. 
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In the second year at Site-l prior to the spring treatment applications, a new 
seedling flush was recorded with a significantly higher density under the 3-5 cm mowing 
height (28-40 plants m-2) compared with the 7-10 and 12-15 cm mowing heights (12-29 
plants m-2) (Figure 6.1). Each of the pre and post applic'ation dandelion densities between 
the two years were significantly (P ~.01) reduced in the two sites without significant 
effect from mowing height (Table 6.4). However, the reduction was the least under the 
closest height (3-5 cm) only at Site-l, and excluding this case, the reduction in dandelion 
densities was 70-98 %. 
Site-l had inferior grass establishment and less grass vigour than Site-2 increasing 
the chances of seedling establishment, particularly into the more open grass canopy 
under close mowing. Other studies suggested that the establishment of dandelion 
seedlings was strongly inhibited in areas of dense grass coyer due to insufficient open 
ground and light penetration (Molgaard 1977). Chances of seedling establishment are 
decreased 23 times in areas with lush grass vegetation compared with open areas (Ford 
1981). 
--: 
Within each site, no significant differences due to mowing height occurred for 
monthly dandelion densities, percentage broadleaf ground coyer or even plot broadleaf 
weed diversity. Importantly, starting from August of the first year and up to the following 
season, the common mallow population density and frequency significantly increased in 
the herbicide treated plots compared with S. minor or untreated plots without significant 
effect from the mowing heights (Figure 6.4A). However the mallow density decreased 
significantly in the second year in untreated and S. minor treated plots (Figure 6.4A) 
mainly due to season-Iong mowing (Table 6.2). In Site-l, other species like prostrate 
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knotweed, yellow toadflax, yellow woodsorrel, and lambsquarters flourished in herbicide 
treated plots (Table 6.2) and consequently the percentage ground coyer of broadleaf 
weeds increased during September and October (Figure 6.2). This implication is likely to 
be ecologically important as these species escape or tolèrate the herbicide and so could 
be candidates of co-dominance or dominance replacement of dandelion in turfgrass 
environments. 
The effectiveness of the herbicide treatment in suppressing broadleafweeds resulted 
in significant improvement in turf quality at both sites under all mowing heights (Table 
6.5). Turfgrass generally grows into the voids after weeds have been chemically 
controlled (Turgeon 1985), but at Site-l grass damage was observed in three plots (out of 
a total of 12) during the summer of2003 and all the three plots were invaded by smooth 
crabgrass [Digitaria ischaemum (Schreb.) Muhl.] (2-5 plants per plot). Grass damage and 
Digitaria invasion were not observed after herbicide treatment in the superior quality turf 
in Site-2 indicating that grass with inferior quality is subjected to crabgrass invasion if 
more stress is encountered due to the herbicide. The frequent use of2,4-D as early as 
1950 had shifted cropping systems from broadleaf weed to annual grass domination 
(Aldrich 1984). 
6.4.3. Interactions between mowing heights and biocontrol treatment 
Two weeks after application, the S. minor treatment was more rapid and caused 
significantly greater reduction of the dandelion population than the herbicide under aU 
mowing heights (Figure 6.1). Sclerotinia minor is a necrotrophic fungus causing rapid 
collapse and death ofinfected plants (Abawi & Grogan 1979; Melzer et al. 1997) and 
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requires high moisture and a temperature range of 5-25°C to cause disease (Melzer & 
Boland 1994). The different microenvironments created by different mowing heights did 
not affect the performance of S. minor two weeks after application. Microenvironments 
caused by higher grass canopies increased disease incidence of certain turfgrass 
pathogens (Fagemess & Yelverton 2001; Martin et al. 2001), but this is may be not the 
case with a necrotrophic biological control agent during periods with optimal 
environmental conditions. Treatment dates and irrigation (in case there was no rainfall) 
provided appropriate requirement for dandelion infection by S. minor negating a possible 
mowing height effect. 
The effect of the S. minor treatment was similar between the two mowing heights 
(7-10 and 12-15 cm) in reducing dandelion population densities, but it was significantly 
less under the 3-5 cm mowing height. The increased survival of the dandelion population 
at the 3-5 cm mowing height level than in the other heights was mainly due to more 
numerous and earlier dandelion recruits and to sorne regrowth (~ 20%) from undamaged 
crowns ofwell established dandelions (Abu-Dieyeh & Watson 2006: Chapter 5). 
'" Natural dandelion populations have two peaks per season, one in May and the other 
in September, however, if the favourable climate prevail during summer due to rainfall, 
other flushes could occur due to the ability of dandelion seeds to germinate any time 
during the growing season (as reviewed by Stewart-Wade et al. 2003b). Removing most 
ofthe dominant weed species (dandelion) in plots treated with S. minor disturbed the 
area and this basically encouraged weed seed germination (Radosevich et al. 1997). Soil 
in these plots became bare with scattered patches of grass allowing more sunlight to 
intercept the grass canopy boosting dandelion seed germination (Letchamo & Gosselin 
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1995; Noronha et al. 1997; Dunn & Moyer 1999). The availability ofgrowth resources 
in open canopies may change the normal population fluctuation due to frequent seedling 
recruitments. One month after the first application, a new flush of dandelion seedlings 
was observed under aH mowing heights at both sites, led to a short population peak at the 
end of June (Figure 6.1). The magnitude of dandelion recruitment appeared to be linked 
with the mowing factor, site and year of study. Recruitment was higher in the 3-5 cm 
high mowed plots compared to other mowing heights, and higher in Site-2 as compared 
to Site 1. The total monthly rainfall reported in June and July of 2004 (the first year of 
site-2) was about 2-fold the amount reported for the same two months in 2003 (the first 
year of site-l) (Table 6.1) and this may explain why the recruitment size was greater in 
Site-2. 
If summer conditions favoured germination, another short peak may form at the end 
of August as happened in Site-2 due to more frequent rainfaH during July 2004 than in 
2003. Rainfall is expected to be a requirement of seed germination during the summer 
season especially in a non-irrigated turf stand. The flushes produced under the 3-5 cm 
mowing height were significantly greater in size than those formed with other mowing 
heights and maintained in greater values across the second year (Figure 6.1). 
Apart from the 3-5 cm mowing height, the response of monthly dandelion 
population to S. minor treatment was almost similar to the herbicide. Contrary to the 
herbicide, S. minor has no residual activity in soil and higher densities under S. minor 
treatment are expected around the normal peak months of dandelion population. Using 7-
10 or 12-15 cm mowing heights, S. minor had the same effect like that of the herbicide in 
reducing the monthly diversity of broadleafweeds by 1-3 species per plot compared with 
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untreated plots (Figure 6.3) and also reduced the season average densities of the othcr 
two major competitive species white clover (Tables 6.2 & 6.3) and plantain (Figure 
6.4B). In addition, both had the same level of suppression on prostrate knotweed in the 
second year (Figure 6.4C). The herbicide was significarHly more effective than S. minor 
in reducing percentage weed ground coyer at the 3-5 cm mowing height. However, with 
the other heights (7-10 and 12-15 cm), superior reduction in weed ground coyer occurred 
with the fungus in Site-l and the herbicide in Site-2 (Figure 6.2). Unlike the herbicide, S. 
minor treatment did not increase the population of other competitive species and no grass 
damage or crabgrass invasion were observed. The turf quality of S. minor treated 7-10 or 
12-15 cm mowed plots improved gradually over the season and maintained acceptable 
quality for the two years (Table 6.5). 
The strong biocontrol effect of S. minor on dandelion, white clover, and plantain 
and also the decrease in abundance of other competitive species could mainly be due to 
the direct pathological effect of the fungus and/or the indirect effect exerted by the 
improved grass growth. In Chapter 4, our data showed that 32 broadleafweeds in 
turfgrass system were susceptible to S. minor infection if in direct contact with the 
barley-based formulation of S. minor. Under S. minor treatment no changes in species 
composition ofbroadleafweeds were observed because of the mowing heights but 
changes in the abundance of certain broadleafweeds were observed at 3-5 cm grass 
height mainly due to mowing at this low level rather than the fungus. So that species like 
prostrate knotweed, lambsquarters, and mouseear chickweed were more likely to flourish 
during the season (Figure 6.4D; Tables 6.2 & 6.3). 
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In conclusion, the application of S. minor and a regular, medium height (-7cm) 
mowing regime were highly effective in controlling broadleaf weeds in temperate 
Kentucky bluegrass turf. 
Table 6.1. Weather data for Ste-Anne-de-Bellevue, Quebec during the yeats of study 
2003, 2004 and 2005. Environment Canada Meteorological Data. Ste-Anne-de-Bellevue 
Station. 
Tem~erature Oc Relative humidit~ {%} Rainfall {mm} 
Month/~ear Average Min Max Average Min Max Total monthl~ 
May-03 l2.8 2.1 28.2 70.1 15.1 100.0 136.2 
May-04 7.2 -0.7 29.0 68.3 22.1 100.0 123.0 
May-OS 11.5 -1.4 26.1 68.1 20.8 100.0 62.6 
June-OJ 17.9 6.6 32.4 69.7 26.5 100.0 123.9 
June-04 17.2 4.4 29.0 65.2 25.7 99.1 226.2 
June-OS 21.1 8.31 32.8 72.5 23.2 100.0 708.6 
July-03 20.4 11.2 30.3 73.2 26.5 100.0 357.4 
July-04 20S 10.5 31.0 74.6 30.1 99.0 574.2 
July-05 22.2 16.8 31.7 73.7 36.2 97.8 93.4 
AUgUst-03 22.0 14.1 29.1 78.9 34.6 100.0 53.0 
August-04 19.3 7.7 29.1 77.6 44.7 99.5 181.9 
August-05 21.4 7.8 32.1 73.3 26.8 100 199.1 
September-03 16.8 5.3 28.9 76.6 30.9 100.0 415.7 
September-04 15.9 4.7 26.2 78.6 41.5 100.0 96.0 
September-05 17.3 3.7 29.1 77.0 39.6 100.0 243.1 
October-03 7.4 -1.8 28.9 80.1 30.9 100.0 221.9 
October-04 8.9 -2.3 24.6 76.8 32.9 100.0 84.6 
October-05 10.8 -2.8 26.5 83.0 36.5 100.0 217.6 
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Table 6.2. Season average population densities ofbroadleafweeds found in the plots at the study Site -1 during 2003 and 2004. A = 
.\ 
annual; P = perennial; A, P = annual or short-lived perennial. Within each weed control treatment and year, me ans with a common 
letter are not significantly different at P = 0.05 according to Tukey's test. * Significant at P = 0.05 and ** signifieant at P = 0.01 
between the two years. 
Average EOEulation densities(1) of broadleaf weeds (no. 
Species Life Year of Untreated Killex™ (~) 
form stud~ 3-5 cm 7-10 12-15 3-5 7-10 12-15 
Taraxacum officinale P lst 39ab 45a 50 a 20cd 19cd 26 c 30be 17cd 
{Dandelion} 2nd 52a* 50a 50 a 11c** 5e** 7c** 31b 10e* 10 c 
Trifolium repens P lst 25a 15ab 13b 3e 3c 3.5c 8.7be 4.6c 3.3 c 
{White clover} 2nd 12a* 4be* 8ab Id Id 2.2ed 3bcd* 1.9d 1.8d 
Plantago major P Ist 0.9 1.9 2.3 1.1 0.4 1.0 0.7 1.0 0.6 
{Broadleaf :Qlantain} 2nd 1.9 2.0 2.1 0.2 0.0 0.3 1.0 0.1 0.6 
Malva neglecta P lst 3.3 2.3 3.0 8.2 8.1 8.3 3.4 1.6 4.2 
{Common mallow} 2nd 1.8 0.3 3.2 5.0 6.6 8.2 1.3 0.8 0.8 
Polygonum aviculare A lst 11.6 8.9 4.7 5.4 5.2 8.3 12.0 3.2 9.8 
{Prostrate knotweedl 2nd 15.8 6.5 5.6 2.0 1.9 4.0 4.1 0.8 3.2 
Conzya canadensis A lst 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
{Canada fleabane} 2nd 0.6 0.2 0.0 0.0 0.0 0.0 1.3 0.0 0.2 
Cichorium intybus P lst 0.0 0.2 0.4 0.0 0.0 0.0 0.1 0.3 0.7 
{Chicory} 2nd 0.0 1.1 1.4 0.0 0.0 0.0 0.3 1.0 1.4 
Convolvulus arvensis P Ist 0.3 0.0 0.0 0.3 0.0 0.0 0.1 0.0 0.0 
(Field bindweed) 2nd 0.0 0.0 0.0 0.5 0.0 0.2 0.7 0.0 0.0 
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Cerastium fontanum A P" , lst 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
{Mouseear chickweed2 2nd 3.6 3.2 0.6 1.3 0.3 0.4 6.0 0.3 1.0 
Capsela bursa-pastoris A lst 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
{SheEherd's-Eurse 2 2nd 0.5 0.3 0.0 0.1 0.0 0.0 0.0 0.0 0.0 
Oxalis stricta P lst 1.6 0.9 0.6 1.3 0.0 0.3 0.8 0.7 0.1 
(Yellow woodsorreQ 2nd 3.2 2.4 0.8 4.8 2.1 2.8 1.5 1.3 0.2 
Linaria vulgaris P lst 1.3 6.3 1.1 0.1 3.3 6.0 2.8 0.1 0.2 
{Yellow toadflax2 2nd 0.4 5.8 3.3 0.0 8.4 13.8 1.5 0.9 0.8 
Chenopodium album A Ist 5.7 2.3 1.5 0.9 4.2 2.3 2.9 0.3 1.6 
{Lambsguarters 2 2nd 1.1 0.9 0.2 0.1 1.8 0.3 1.2 0.1 0.4 
Lotus corniculatus P 1 st 0.4 1.8 2.2 0.3 0.0 0.1 0.8 0.3 0.3 
{Birdsfoot trefoi12 2nd 0.9 0.8 1.2 0.5 0.0 0.0 1.5 0.1 0.3 
Ambrosia artemisiifolia A lst 0.4 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 
{Common ragweed} 2nd 0.7 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 
Pyrrhopappus carolinianus A,P 1st 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 
{Carolina false dandelion2 2nd 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Medicago lupulina A Ist 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
{Black medic 2 2nd 0.9 0.3 1.8 0.0 0.0 0.0 1.2 0.1 0.5 
(l)Average of the eight assessments done from May to October, inc1uding the two in the mid of May and September. 
(2~roadcast foliar application at 1.7 kg a.i. ha,l 
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Table 6.3. Season average population densities ofbroadleafweeds found in the plots at the study Site -2, during 2004 and 2005. A 
.\ 
= annual; P = perennial; A, P = annual or short-lived perennial. Within each weed control treatment and year, means with a 
common letter are not significantly different at P = 0.05 according to Tukey's test. * Significant at P = 0.05 and ** significant at P 
= 0.01 between the two years. 
Average QOQulation densities (1) ofbroadleafweeds {no. Qlants m-21 
Year of Untreated Killex™ (2) S. minor {60 g m-21 
SQecies stud:l: 3-5 cm 7-10 12-15 3-5 7-10 12-15 3-5 7-10 12-15 
Taraxacum officinale lst 49 a 54 a 50 a 18 b 19 b 18 b 30 ab 22 b 19 b 
{Dandelionl 2nd 59 a 55 ab 50 b 3 de** 1.3 e** 3 de** 22 c 8 d** 9 d** 
Trifolium repens lst 32 ab 47.5 a 39.3 ab 13.5 c 16.3 c 15.3 c 21.5 c 18.7 c 14 c 
{White clover} 2nd 12 a** 18.2 a** 17.9 a** 2.3 b** 0.4 b** 0.8 b** 4.6 b** 2 b** 1.2 b** 
Plantago major lst 3.1 a 2.1 a 1.3 ab 0.8 b 0.5 b 0.3 b 0.5 b 1.4 ab 0.4 b 
(Broadleaf plantain) 2nd 6.2 a ** 3.3 b* 3.2 b 0.03 c 0.0 c 0.0 c 1.0 c** 0.2 c* 0.03 c** 
(1) Average of the eight assessments done from May to October, including the two in the mid of May and September. 
(2) Broadcast foliar application at 1.7 kg a.i.lha 
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Table 6.4. Effect of mowing heights x weed control treatments on dandelion pre and post application densities over the two years . 
. \ 
Within the same column, means with a common letter are not signifieantly different at P = 0.05 according to Tukey's test. * 
Significant at P = 0.05 and ** signifieant at P = 0.01 between the two years. 
Dandelion EOEulation density {no. Elants m-22 
Site-1 Site-2 
Mowing Pre aEElieation(l) Post aEElication(2) Pre aEElieation Post aEElieation(a) 
Height lst 2nd % lst 2nd % lst 2nd % lst 2nd % 
Treatment {cm2 ~ear ~ear DifferY) ~ear ~ear Differ. ~ear ~ear Differ. ~ear ~ear Differ. 
Untreated 3-5 51a 61a 24a 35ab 50a * 44ab 47a 62a 32a 50a 58a 15a 
7-10 62a 55a -6.5abc 43a 49a 14abed 58a 62a 15ab 54a 54ab la 
12-15 58a 58a 0.3ab 49a 49a 1bed 56a 47ab -12e 50a 5lb la 
Killex™ 3-5 57a 33ede -39bed 14cd 8c -46ef 47a ld** -97d 14e 4d** -73ed 
(1.7 kg ha- I ) 7-10 54a 16f** -70d 13cd 4c * -7lf 60a ld** -98d 13e 2 ** -90ed 
12-15 75a 21ef** -70d 19cd 5e ** -74f 53a 2d** -97d 13e 3d** -74ed 
S. minor 3-5 57a 40be -28bed 24be 30b 27abc 45a 4lb -Ile 25b 19c -20b 
(60 gm-2) 7-10 53a 22ef* -58 d 8cd 8e -30def 55a 18e** -67d 17bc 7d** -60cd 
12-15 59a 28cdef* -52cd 9d 7c -12cde 51a 17c** -65d 14e 7d** -48c 
(1) dande1ion density recorded in the assessment done on the day before the spring (mid of May) weed control treatment. 
(2) the average density obtained from the six monthly assessments (May-October) do ne after the spring treatment. 
(3) Difference = (the two years difference/lst year density) x 100% 
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Table 6.5. Response ofturfgrass quality, averaged over the season, to mowing heights x weed control treatments in the two study 
.\ 
sites. Within the same column, means with a common letter are not significantly different at P = 0.05 according to Tukey's test. A 
visual rank scale of 0-1 00% was used with 0% for no grass and 100% for optimum grass quality. 
Site-1 Site-2 
Treatment Mowing Pretreatment Posttreatment Pretreatment Posttreatment 
Height {cm} 2003 2004 2004 2005 
Untreated 3-5 20 a 15 e lld 40 a 31 e 23 e 
7-10 26 a 23 de 25 cd 43 a 28 e 23 e 
12-15 23 a 14 e 29 bcd 48 a 36 de 26 e 
KillexTM (1) 3-5 25 a 47 abc 50 abc 40 a 63 ab 57 bc 
1.7 kg a.i./ha 7-10 19 a 38 bcd 55 ab 45 a 74 a 67 ab 
12-15 16 a 41 abcd 53 ab 42 a 70 a 73 a 
Sclerotinia minor 3-5 23 a 36 cd 33 bcd 46 a 50 bcd 40 d 
60 gm-2 7-10 23 a 54 abc 70 a 42 a 61 abc 67 ab 
12-15 29 a 55 cd 69 a 43 a 66 a 70 a 
Sc/erotinia minor 3-5 26 a 36 cd 35 bcd 40 a 46 cd 47 cd 
120 gm-2 7-10 29 a 58 a 63 a 46a 69 a 69 a 
12-15 27 a 54 abc 69 a 42 a 65 ab 72 a 
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Figure 6.1. Effect ofmowing height and weed control treatments on dandelion density 
throughout the study period at the two study sites (l & 2). Mowing heights were initiated 
two weeks prior to spring treatment application and maintained throughout the 
experiment. Mowing heights were 3-5 cm (A), 7-10 cm (B), and 12-15 cm (C). Within 
each graph, means with a common letter at each time are not significantly different at P = 
0.05 according to Tukey's test. Arrows indicate dates of weed control treatment 
application. Asterisks (*) refer to the assessment conducted at the middle of the 
indicated month. 
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Figure 6.2. Effect of mowing height and weed control treatments on broadleaf weed 
ground coyer throughout the study period in the two study sites (l & 2). Mowing heights 
were initiated two weeks prior to spring treatment application and maintained throughout 
the experiment. The applied mowing heights were 3-5 cm (A), 7-LO cm (B), and 12-15 
cm (C). Within each graph, means with a common letter at each time are not significantly 
different at P = 0.05 according to Tukey's test. Arrows indicate dates ofweed control 
treatment application. Asterisks (*) refer to the assessment conducted at the middle of 
the indicated month. 
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Figure 6.3. Effect of weed control treatments on broadleaf weed diversity throughout the 
study period in the two study Sites (1 & 2). Within eacn graph, means with a common 
letter at each time are not significantly different at P = 0.05 according to Tukey's test. 
Arrows indicate dates ofweed control treatment application. Asterisks (*) refer to the 
assessment conducted at the mid of the indicated month. 
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are not significantly different at P = 0.05 according to Tukey's test. * Significant 
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PREFACE TO CHAPTER 7 
Dandelion has been recognized as a significant weed with competitive and adaptable 
abilities. Dandelion has two major competitive features: the high seed production and the 
strong deep taproot that can regenerate. Dandelion physiology, phenology and 
reproductive ability fluctuate within the growing season. Application time is often the 
key to success with any control option. Timings that match the seasonal climate 
conditions for superior efficacy of S. minor and the weakest stage in the life cycle of the 
host plant are paramount to successful weed control. Moreover a successful biocontrol 
agent should control both the aboveground plants and belowground reproductive parts. In 
Chapter 7 the population dynamics of dandelion, including the dandelion seedbank and 
root regrowth and dynamics of other broadleaf species were investigated in a three-year 
field study. The timing oftwo weed control methods, the S. minor biocontrol and the 
standard chemical herbicide were compared. 
The results of Chapter 7 have been prepared in manuscript form to be submitted to 
Weed Science. The manuscript is co-authored by Professor Alan K. Watson, my 
supervisor. l designed the experimental set-up, performed the experiments and the 
statistical analysis, and wrote the manuscript. Professor Watson supervised the work, 
provided financial and technical resources, and corrected the manuscript. 
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CHAPTER 7 
Population dynamics of Taraxacum officinale and other broadleaf 
weeds in turfgrass as influenced by chemical and biological control 
methods and different seasonal applications 
MOHAMMED H. ABU-DIEYEH and ALAN K. WATSON 
Department of Plant Science, McGill University, 21,111 Lakeshore Road, 
Ste.-Anne-de-Bellevue, Quebec, Canada, H9X 3V9 
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7.1. Abstract 
A three year field study was conducted to de termine the effect of a biological control 
agent, Sclerotinia minor and a common herbicide on the population dynamics of 
dandelion, on the dandelion seedbank, and on the population dynamics of other broadleaf 
species. Treatments were applied as one spring, one faH, or one spring plus one faH 
treatment per year. The response of the dandelion population to a spring herbicide 
treatment was similar to two applications (spring & faU) per year. Significantly less 
dandelion control occurred after the first faU application. A similar reduction in the 
dandelion population density was obtained two weeks after S. minor application with 
either spring or faH treatments, indicating no effect of seasonal climate variation on 
efficacy of S. minor and any progressive effect on the dandelion population was more 
likely to be explained by the physiology and phenology of the plant. Compared to the 
herbicide treatment effect, S. minor had similar effects on the dandelion population size 
starting from the second year under the two applications of S. minor per year treatment 
and a delay up to the third year under the one spring application of S. minor. One faH 
application of S. minor was similar to the herbicide across the study period, but it was the 
least effective during the second year compared with spring and spring & faH 
applications. The S. minor treatments significantly reduced the dandelion seedbank and 
this effect was not significantly different from Killex™ herbicide treatment effect. The 
rate, frequency and seasonal timing of application had no effect on the dandelion 
seedbank size, but terminating the application would gradually replenish the seedbank. 
Populations of Trifolium repens, Plantago major, Lotus corniculatus and Ambrosia 
artemisifolia were similarly suppressed by either the S. minor or the herbicide treatments. 
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Oxalis stricta significantly increased after one year of herbicide treatment compared with 
the S. minor and untreated control treatments, indicating the risk of a species shi ft toward 
a more herbicide tolerant weed species. Turf quality was improved due to herbicide and 
S. minor treatments, but grass injury and crabgrass invasion were recorded in three (out 
of 18) herbicide treated plots. 
Keywords: 2,4-D, biological control, population dynamics, Oxalis stricta, Sclerotinia 
minor, seedbank, Taraxacum officinale, turfgrass 
7.2. Introduction 
Turfgrass is a vegetative ground cover that prevents soil erosion and offers recreational 
and aesthetic benefits for the society (Beard & Green 1994). Most turfgrass environments 
have weed problems and require a degree of management to be functional and 
aesthetically pleasing (Monaco et al. 2002). The need for regular management and 
maintenance ofthese areas creates a massive turfgrass industry in North America and 
Europe. The annual expenditure was estimated to be 25-45 $ billion in the United States 
(Beard & Green 1994) and the lawn care industry in North America is expanding at a rate 
of 5-8% per year (United States Environmental Protection Agency 1999). 
Dandelion, a strong colonizing and competitive plant, has been recognized as a 
significant weed oflawns and other turfgrass environments (Stewart-Wade et al. 2002b). 
It overwinters in the soil as seeds or perennial roots which can resprout in the following 
spring (Cyr et al. 1990). May and September are peaking months ofa nearly year-round 
emergence of dandelion (ChepiI1946). 
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Repeated applications of dicamba (3,6-dichloro-2-methoxybenzoic acid), phenoxy 
herbicides such as 2,4-D (2,4-dichlorophenoxy acetic acid) and mecoprop «±)-2-(4-
chloro-2-methylphenoxy) propanoic acid), or combination products such as Killex™ 
have been widely used for dandelion and other broadleafweed control (Anonymous 
1997). Despite the success of the above mentioned herbicides in controlling broadleaf 
weeds (Emmons 1995) their use on lawns has come under severe pressure from 
environmental and public health perspectives resulting in various levels of government 
enacting legislation inhibiting or banning the use of pesticides in urban areas (Cisar 
2004). Over reliance on successive annual herbicide applications in turfgrass is 
ecologically inevitable. There are cases ofweeds with no known selective herbicide 
treatment, herbicide resistance, and shifts in weed population towards more tolerant 
species (Busey 2003). Consequently, research onto alternative approaches of cultural and 
biological methods of control has been intensified (Kennedy & Kremer 1996; Hatcher & 
Melander 2003; Laresen et. al. 2004). 
Sclerotinia minor has been studied as a possible biocontrol agent for dandelion 
(Ciotola et al. 1991; Riddle et al. 1991; Brière et al. 1992; Schnick et al. 2002; Stewart-
Wade et al. 2002a). Studies have been conducted with a barley based formulation of S. 
minor (lMI 344141) to evaluate its effectiveness on broadleaf weeds and quantify 
possible ecological consequences in turfgrass environments. Field studies have 
confirmed the efficacy of S. minor in controlling dandelion and reducing broadleaf weed 
ground coyer (Abu-Dieyeh & Watson 2006: Chapter 5). More over its effectiveness on 
dandelion seeds and seedling establishment without negative impacts on turfgrass was 
also explored (Abu-Dieyeh et al. 2005: Chapter 9; Chapter 8). 
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It is a difficult task to achieve a successful weed control due to continuaI changes in 
weed populations (Hartzler 2000). In general, any weed control method removes or 
suppresses target species, but this activity may result in modification or disruption of the 
habitat of other organisms (Radosevich et al. 1997). Basically an ecological approach 
broadens management options and decreases the probability of failure (Booth et al. 
2003). Researchers emphasized the importance ofstudying the dynamics ofweed 
populations or communities to broaden the function of cultural and biological control 
options (Burpee 1990; Kennedy & Kremer 1996; Radosevich et al. 1997; Cousens & 
Croft 2000; Headrick & Goeden 2001; Busey 2003). 
The bioherbicide approach has had limited commercial or practical success due to 
problems with mass production, formulation and commercialization, and persistence 
under harsh environmental conditions (Kennedy & Kremer 1996; McFadyen 1998; 
Charudattan & Dinoor 2000; Hallett 2005). Biocontrol is successful when the biotic 
components and the environment interact in such a manner that weed control or 
suppression occurs (Kennedy & Kremer 1996). Application timing is a key factor in 
bioherbicide performance, not only because of the need to match the proper 
meteorological conditions for microbial growth but also the need to match the weakest 
eco-physiological time of the target plant species. The proper time is determined by 
interacting factors of pathogen, host and environment. Given the high costs of such 
programs, the success rate should be maximized and this task cannot be achieved without 
understanding the population dynamics of the host plant (Cousens & Croft 2000). 
Generally a few studies have been done on population dynamics of dandelion under 
the effect of control or management practice (Darwent & Elliott 1979; Blackshaw et aL 
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1994; Harker et al. 2000; Carlassare & Karsten 2003; Froese & Van Acker 2003). The 
ecology and population dynamics of dandelion in turfgrass systems under the influence 
of a biocontrol agent have never been investigated. In this study, we investigate the effect 
of a S. minor (IMI 344141) barley based formulation on the population dynamics of 
dandelion and the consequences on associated broadleaf turf species with respect to 
seasonal timing and in comparison with a standard chemical treatment. 
7.3. Materials and Methods 
7.3.1. Fungus formulation 
Sclerotinia minor (IMI 344141) was isolated from diseased lettuce plants (Lactuca saliva 
L.) from southwestem Quebec and the stock culture was maintained as sclerotia at 4°C. 
The mycelia of the germinated sclerotia were used to inoculate autoclaved barley grits 
(l.4-2.0 mm diameter) as described in Abu-Dieyeh and Watson (2006: Chapter 5). The S. 
minor granular formulation was freshly prepared two weeks prior to treatment 
applications. Viability and virulence of the fungal inoculum were assessed prior to use on 
potato dextrose agar (PDA) plates and on excised dandelion leaves. The diameter of 
colonies and lesions caused by the fungus were measured after 24 and 48 h of incubation. 
Previous unpublished quality control studies indicate viable batches to have colony 
diameters of 14-30 mm after 24 h and 40-70 mm after 48 h and virulent batches to have 
an average lesion diameter > 15 mm after 48 h of incubation. 
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7.3.2. Site description 
The study site was represented by a lawn area of around 900 m2 located in the Macdonald 
Campus of McGill University, in Ste-Anne-de-Bellevue, QC (4S02S'N latitude, 73°SS'W 
longitude, 39.00 m elevation). The field was permanently demarked with metal posts and 
plastic ropes for a period ofthree growing seasons (2003 to 200S). The selected lawn 
area was on a loamy sand soil (coarse sand = 9%, fine sand = 82%, silt= S%, clay= 4%), 
with a pH of 6.6 and 6.3% organic matter. The lawn had received minimal maintenance 
management throughout its history except for repeated mowing during the growing 
season (May to October). The grass sward was approximately 90% Kentucky blue grass 
(Poa pratensis L.) and about 10% red fescue (Festuca rubra L.). The lawn flora was 
highly diversified with 18 broadleaf weed observed throughout the study period and the 
dominant weed species was dandelion (Taraxacum officinale Weber ex Wiggers). The 
level of infestation ranged from medium (40 to 60 dandelion plants per m2 and 30 to 60% 
grass ground cover ) to severe (80-120 dandelion plants per m2 and 10 to 20% grass 
ground). 
7.3.3. Experimental design 
The experiment was a randomized complete block design with six replications and two 
factors. The first factor was time of application with three levels; (a) spring (IS May); (b) 
faU (15 September) and (c) spring & faU applications per year. The second factor was 
weed control treatment with four levels; (a) untreated control, (b) a broadcast foliar 
application of KlLLEXTM [2,4-D (9Sg/L); Mecoprop (isomer-d SOg/L); Dicamba (9 g/L) 
aU present as amines. The Solaris group, Ontario Canada] herbicide at 1.7 kg a.i. ha-! 
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(200 ml m-2 of 0.6% of original concentration), (c) a broadcast application of granular 
formulation of S. minor at 60g m-2, and (d) the S. minor formulation at 120g m-2• The 
herbicide was broadcast applied onto the grass surface using a 1.18 L vacuum sprayer 
(Home and Garden sprayer. Model no 1998. RLF 10-Master Premium. Root-Lowell 
Manufacturing Co, Lowell, MI). The S. minor formulation was broadcast applied using a 
200 ml plastic bottle fitted with a perforated lid (~1 0 mm diameter) with suitable 
openings to pass the barley grits. If there was no rainfall on the day of application or the 
grass was not wet, the entire field was sprinkler irrigated for two hours prior to 1ate 
aftemoon treatment applications. 
The treatments were applied during 2003 and 2004, but in 2005 the treatments were 
modified to 40g m-2 of the S. minor formulation instead of either 60g or 120g m-2 and no 
herbicide was applied. The rationale of these changes in the third year were to evaluate a 
10wer bioherbicide rate after dandelion suppression to more normallevels encountered in 
weedy home lawns (20 to 40 plants m-2), while cessation of the herbicide application was 
to evaluate the re-colonization of weeds after two years of chemical treatment. 
The experimental unit (plot) was 1.0 m2 with 0.8m alleys between any two plots. 
The distance between any two blocks was 4 to Sm. The corners of each plot were 
permanently marked to maintain plot integrity for the duration of the study. Plots were 
mowed regularly as needed at a medium cutting height of7 to 10cm with agas powered 
rotary push mower. Grass c1ippings were returned during July and August to act as a 
source ofnitrogen (Kopp & Guillard 2002), but removed during other months during the 
six-weeks-post treatment periods to prevent contamination of adjacent plots. The field 
received one fertilizer (C-I-L ® Golfgreen Lawn Fertilizer 28-3-6, Nu-Gro IP Inc., 
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Brantford, ON, Canada) application per year (at the beginning ofOctober) at 7 kg per 
400 m2 as recommended by the manufacturing company. 
The numbers of dandelions and other broadleaf weed species were counted and the 
total percentage ground cover of broadleafweeds were estimated in each plot the day 
before the weed control treatments and the last week of each month thereafter. For 
Trifolium repens L. (white clover), the number was estimated by measuring how many 
10 cm diameter patches of white clover covered the ground of a plot. In order to monitor 
post treatment recovery of dandelions, 10 dandelion plants in each of the fungal treated 
plots were randomly marked using white colored pins prior to treatment applications. In 
each monthly assessment survey, turfgrass quality was visually assessed using a growth 
rating of 0 to 1 00 based on combinations of colour and density where 0 = no growth and 
100 = completely uniform turf (Johnson and Murphy 1992). As the study sites are low-
maintained turf, the acceptable visual quality according to the scale used is 50%. 
No mowing was done in 2005 prior to the 15th of May to avoid cutting the floral 
scapes of dandelion. The number of flowering scapes in each plot was counted to 
investigate the extent of the impact of the past two years of treatment on the pre-
dispersed reproductive efforts of dandelions. 
7.3.4. Effeet of S. minor treatment on dandelion seed bank 
To investigate the effect ofweed control treatments on the dandelion seed bank, Soil 
sampling was done in the middle of August 2004 and 2005. This was to avoid peak 
periods of dandelion seed production, which are expected mainly during May to June and 
infrequently in September with very rare scattered fruits formed in the summer (July to 
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August). Ten soil core samples per plot (a total of72 plots) were taken randomly with a 2 
cm diameter auger down to alO cm depth. Soil samples were spread in trays and left to 
dry at room temperature for a one week period then concentrated by sieving through a 
course (2 mm mesh size) and a fine (0.355 mm mesh size) sieve, to remove root and 
vegetative parts and needless coarse and fine soil materials (Ter Heerdt et al. 1996). This 
methodology retrieved aH dandelion seeds which were previously mixed with soil in a 
positive control treatment. Each of the concentrated samples was then spread out into a 
layer of approximately 5 mm thickness onto trays (45 x 25 x 8 cm) filled with a 2 cm 
depth ofmoistened pro-mi x soil (Premier Promix, Premier Horticulture Ltee, Riviere-du-
Loup, QC). The trays were completely randomized and left under greenhouse conditions 
at 24 ±2°C with 15 hr oflightlday at a minimum photon flux density of350 ±50 Jl mol m-
2 S-1. The soil was maintained moist by regularly misting water over the soil. Four control 
trays containing only the pro-mix potting soil were distributed randomly to test for 
possible soil contamination by dandelion seeds (data not presented since no seedlings 
germinated). To assess for the effect of the soil and experiment conditions on seed 
germination, 25 dandelion seeds were sown in each of four positive control trays 
containing the pro-mix potting soil. Eighty to 90% germination was obtained from the 
positive control trays and this rate is within the normal germination rate reported for 
dandelion seeds from several studies as reviewed by Stewart-Wade et al. (2002b). 
The trays were checked daily and emerged dandelion seedlings were counted and 
removed. The experiment lasted for one month as no further seedlings emergence was 
recorded. The whole experiment was repeated for soil samples collected from the same 
plots in August 2005. 
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7.3.5. Statistical data analysis 
Statistical analyses were conducted using the SAS statistical package (SAS Institute Inc., 
Cary, NC, USA, 2002). To overcome the differences in the dandelion density across 
blocks, data were adjusted as a percentage of pre treatment data coHected on 15 May 
2003. Normality for each parameter was tested on model residuals using the Shapiro-
Wilk test. Data of the three-year-monthly assessments for weed counts and plot diversity 
were analyzed using GLM procedure of repeated measures to determine the significant 
interactions among treatment factors through time. White clover density data were 
transformed as (lOglO + 10) to achieve normality. Dandelion regrowth and floral scape 
count data were analyzed using ANOY A for a randomized block design. The seedbank 
density data were square root transformed to achieve normality, then main effects of 
application time and weed control treatments were tested using ANOY A of SAS. A 
paired t-test was used to compare the seedbank density data between the two years for 
each treatment combination. Tukey's test (SAS) at P = 0.05 was used to separate the 
means for aH analysis with signifieant effeets (SAS Institute Ine., Cary, NC, USA, 2002). 
7.4. Results and discussion 
7.4.1. Dynamics of dandelion population under no weed control treatment 
Meteorological data of the study sites revealed a slight monthly variation in temperature 
and relative humidity between the three studied years. The total amount of rainfall from 
May to Oetober was 1308, 1286 and 1523mm for 2003, 2004 and 2005 respectively. 
However the monthly rainfall varied greatly between the three years (Table 7.1). Julyand 
August were the months of highest temperature with a minimum temperature of 7. 7°C, a 
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maximum of 32.1 oC and an average ranged between 19.3 to 22.2°C. However the high 
and repeated precipitation in those two months buffered the average relative humidity to 
around 70%. The high ranges of temperature and relative humidity prevailed within each 
of aIl studied months (Table 7.1). 
The dandelion population remained relatively stable across the three years with two 
major peaks in May and September (Figure 7.1). In 2005, there were no frosts in April 
(average monthly temperature was 7.5°C) so dandelions emerged earlier from the over 
wintered perennial roots than in the previous years. 
. . 
In April 2005 the dandelion population size was similar to what was recorded in 
July and November 2004 and around 50% of the population recovered after the winter. In 
May the population was composed of well established plants and seedlings. Seedling 
recruits were the highest in May followed by early June (Abu-Dieyeh & Watson 2006: 
Chapter 5) and this increased the population dramatically during May forming the first 
peak. As temperature increased in July the population was reduced by approximately 40 
to 60%, subsequently the population increased gradually to form another peak in 
September. In September dandelions were more robust than in other months and the 
population was of mixed ages and it was difficult to distinguish newly established 
dandelions from old plants. A graduaI decrease in the population occurred in October 
followed by a prominent reduction in November due to the cold (average temperature 
was 2.5°C for Nov 2005). While the low population size in November and April is 
mainly due to co Id temperatures, the population reduction in July and early August could 
not only be explained by high temperatures. In 2005, a small reduction in dandelion 
density occurred in July (approximately 20%) compared with the same month in the 
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previous years. This reduction could be attributed to the high precipitation reported in 
June 2005 (Table 7.1) which encouraged new seedling recruits into the population. 
Mature dandelion seeds can germinate and produce seedlings throughout the year (Chepil 
1946; Martinkova & Honëk 1997; Collins 2000). Dandelion seeds germinate over a wide 
range oftemperature from 5 to 35°C (Mezynski & Cole 1974; Hoya et al. 2004) with best 
germination under altemating temperatures and light (Stewart-Wade et al. 2002b). The 
survival of dandelion seedlings decreased with high temperatures with 30% survival at 
31°C and 20% at 36°C (Hoya et al. 2004). Even though the high temperature in July and 
August could be harmful to the dandelion seedling population, frequent high rainfall 
events during the season may interact positively favouring dandelion germination and 
seedling establishment. 
Vegetative reproduction from tap root fragments can also contribute to the increase 
in dandelion populations (Mann & Cavers 1979). In cropping systems that involve soil 
manipulation practices, root fragmentation can significantly increase dandelion 
populations. Separation of ramets occurs naturally after decay of the tissues that connect 
them and the longevity of connections between ramets determines the success of 
persistence of the genet (Booth et al. 2003). Vegetative reproduction of dandelion from 
tap roots in turfgrass environment may aid in dandelion persistence as a result of 
mowing, manual eradication of tap roots, and frost. 
Other studies reported dandelion emergence nearly year-round with two peaks in 
May and September (Chepil1946), but the rate ofincrease for an entire population was 
the highest in faIl (Vavrek et al. 1997). Our results from three years data revealed that 
dandelion densities were similar in May and September regardless of abiotic or biotic 
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factors. This implies that the vulnerability of the population to environmental selective 
pressures is very low and ev en thought the population fluctuated within the year it was 
maintained across the three years. No significant reduction in the dandelion population 
occurred under two successive growing seasons of regular mowing at different heights 
(Chapter 6). Genetic variability within dandelion populations was found to be an 
effective tool in regulating the population through different degrees of competitiveness 
and survival in response to pressures from interspecific competition (Vavrek 1998) and 
disturbances (Solbrig & Simpson 1974). 
7.4.2. Effect of chemical herbicide treatments on the dandelion population 
The spring herbicide treatment had an immediate direct effect in the first year, while the 
faU treatment reduced the population dramaticaUy in October, but about 70% of 
dandelion population recovered in the foHowing spring (May 2004) (Figure 7.1). The 
result of the second faH application was effective and not significantly different from 
other herbicide treatments (Figure 7.1). Importantly, after the second faU application, the 
population size increased in mid May of the foHowing year (2005) and then diminished 
at the end of the month without any weed control treatment. This mortality was more 
likely to be explained by persistence of the herbicide residuals from last faH treatment. 
The response of the dandelion population to two applications per year (spring & faH) of 
Killex™ was almost similar to one spring application (Figure 7.1). 
Applications of 2,4-D cause several metabolic changes in common dandelion root 
tissues particularly the depletion of carbohydrate reserves (Deacon & Rutherford 1972) 
Perennials rely on these reserves to overwinter (Wilson & Michiel2003) and dandelion 
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allocates more resources for flowering and vegetative growth in the spring (Cyr et al. 
1990). Seasonal changes in carbohydrates of dandelion roots have been reported by 
Wilson et al. (2001) with more monosaccharides as percentage of total sugar in spring 
and more fructan polymers as the season progressed towards the faU. However, freezing 
soil temperatures are associated with increased fructose and decreased fructan as a 
percentage of total sugar (Wilson et al. 2001). The availability of carbohydrate reserves 
in dandelion roots limited the response ofthese roots to 2,4-D throughout the season, 
therefore optimum control of dandelion in lawns was achieved by spring application of 
2,4-D combined with spudding (Mann 1981). 
Our results indicated that more successful chemical control of dandelion could be 
achieved by spring than faU application. The seasonal changes of carbohydrates in the 
root system is a reasonable explanation but other facts cou Id also be involved such as 
younger plants translocate herbicides faster than do older plants (Crafts 1961), and the 
response of plants to 2,4-D depends criticaUy on the stage of development which 
determines the rate of penetration and translocation of the herbicide (Tomkins & Grant 
1974). Unfortunately the age structure of the population was not investigated, but similar 
to what was reported by Roberts & Nelson (1981), more seedlings constituted the 
population in May and June than in later months and this supports the effectiveness of 
spring application. Wilson & Michiel (2003) suggested a control strategy for dandelion 
and Canada thistle by applying herbicides, like dicamba and 2,4-D in late faH, 10 days 
after the first frost which was accompanied by reduced quantities of low degree-
polymerizing fructans and consequently achieved better control than when dicamba was 
applied Il days before the frost. Even though this application time is not comparable to 
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our study, the results we obtained in the third year support the importance of the 
accumulative effects of herbicide residuals and frost on well established dandelions. 
7.4.3. Effect of S. minor treatments on dandelion population 
The meteorological data for the 14 days after treatment application are summarized in 
Table 7.2. The differences between spring and faH treatments in temperature, relative 
humidity (RH), dew point, and even rainfaH did not cause significant differences on the 
efficacy of dandelion control two weeks after application of S. minar. The rainfaU was 
the most variable factor, but the field was irrigated when there was no rainfall on the day 
of application and two days later. In general, moisture is an important requirement for 
many pathogens and is known to enhance the efficacy of S. minar (Melzer & Boland 
1994). Thus according to our climate data, the S. minar formulation was effective in field 
conditions with mean daily temperatures from 9 to 20°C; mean daily RH above 58%, and 
a dew point range from 3.6 to 17.4°C. Unfortunately, soil moisture was not monitored in 
this study, but plots were irrigated during dry periods to avoid moisture stress. In the faU 
of2003 and 2005, heavy rainfall events occurred four to five days after applications and 
there was no effect on the efficacy of S. minar as by that time the infection was already 
established. The biocontrol product was rainfast and was not moved off target. 
In the first year, the spring Killex™ treatment was significantly more effective than 
the S. minar treatment (Figure 7.2). Unlike the herbicide, the fungus has no residual 
activity and has mostly disintegrated within 10 days after application. Therefore clearing 
aboveground population two weeks after application induced seedling recruitment from 
the soil seedbank (Abu-Dieyeh & Watson 2006: Chapter 5). A percentage of vegetative 
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regrowth from the non kiUed roots could also contribute to population size. The 
recruitment size was around 40 to 50% of the pre-treated population size and diminished 
during the summer (Figure 7.2). Establishment of dandelion seedlings decreased when 
temperatures increased to 30°C or more (Hoya et al. 2004) and this tempe rature was 
encountered in many days during July and August. Interestingly August, instead of 
September, was the peak month and then the population size diminished even though 
there was no S. minor faU application. This reduction was more likely due to mortality as 
a result of dry conditions that prevailed in August 2003 (53 mm total rainfaU) or 
improvement of grass vigour after clearing most of the well established competitive 
dandelions by spring S. minor application. Dandelion seedlings are less competitive in 
superior grass quality turf (Molgaard 1977; Ford 1981). 
In the second year and prior to the spring application of S. minor, seedling 
recruitment was expected but a second application resulted in a level of suppression that 
was not significantly different from the herbicide and prevailed across 2004 and 2005 
(Figure 7.2). The effect of the faU treatment started within two weeks after the September 
application and significantly reduced the dandelion population compared with the 
untreated control (Figures 7.1 & 7.2). In the second year, a significant level of population 
suppression (approximately 60%), similar to the Killex™ treatment, occurred from May 
to July, but in August the suppression was minimal (Figures 7.1 & 7.2). However, the 
second faU application was effective into the foUowing year (2005) and was not 
significantly different from the herbicide treatment. Clearly, spring & fall treatment per 
year of S. minor appears necessary initiaUy for the high level of infestation encountered 
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in the studied field, but subsequent applications could be minimized in frequency or rate 
to control future recruited population. 
In another study examining the effect of application time on the efficacy of S. 
sclerotiorum on Cirsium arvense (HurreU et al. 2001), less effective control occurred 
with late summer and autumn applications than with spring applications. The authors 
suggested that free moisture in the autumn promoted efficacy, but the intense rainfall 
after treatment reduced efficacy through wash off (Hurrell et al. 2001). In our study as 
the S. minor had similar efficacy on dandelion 2-weeks post spring and faH applications 
thus any progress difference in dandelion population could be attributed to the 
physiology and phenology of dandelion rather than seasonal climate variations. 
Our results illustrated that sorne dandelions had the ability to regrow after a 
complete aboveground damage and the extent of regrowth was significantly lower after 
spring (approximately 10% of the population) than fall application (Figure 7.3). While no 
significant reduction on regrowth percentage was recorded across the years for spring 
treatments, the reduction was significant after faU treatment in 2005 and reduced to 10% 
compared with the past two years (2003 & 2004) when the regrowth was 20 to 25%. 
However, variations among plots of the same treatment were observed to be important 
and the regrowth percentage was highly determined by grass quality and density, thus we 
separated the first year regrowth (%) data according to first year average turf quality (%) 
values to two sets of data, visuaUy accepted turf quality (~50%) and poor turf quality (30 
to 40%). In superior grass quality plots the regeneration of dandelion roots reduced 
significantly in either of spring or faU treatment application (Figure 7.4). 
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Previously, we presented the impact of grass competitive environment compared to 
grass free environment on root regrowth of dandelion after S. minar infection under 
greenhouse conditions (Chapter 3) and also the effect of season-Iong mowing at the close 
height (3-5 cm) followed by S. minar treatment on reducing root regrowth even though 
this treatment was accompanied by a significant increase of dandelion recruitment. 
Supporting our results, dandelion root fragments derived from source plants at the time 
offlowering in May, had very little survival (Mann & Cavers 1979). FaU treatment 
application seems to interact with S. minar efficacy in a similar manner to what was 
explained for 2,4-D efficacy and the previously discussed seasonal changes of root 
resource allocations of carbohydrate reserves were the major explanation (Mann 1981; 
Cyr et al. 1990; Wilson et al. 2001). Our results are consistent with Green et al. (1998) 
who studied the regenerative capacities of four pheno1ogical stages of Ranunculus acris, 
giant buttercup (perennial weed) crowns after S. scleratiarum infection and found that 
regeneration was least after treatment at pre-flowering stage and greatest at 32 to 38 
weeks post onset of flowering. The authors correlated the lowest regrowth of pre-
flowering stage to dep1etion of carbohydrate reserves in the crown (Green et al. 1998). In 
greenhouse conditions, we reported 1ess survival of flowering plants than vegetative 13-
week-old plants after S. minar spot application even though the tested flowering plants 
were oIder (Chapter 3) and similar results were obtained with Phama glamerata on 
dandelion (Neuman & Boland 2002). 
Regrown plants after S. minar treatment have shown to be weak with short tap roots 
(Abu-Dieyeh & Watson 2006: Chapter 5) and accompanied by severe reduction in leaf 
and root biomass even for 13-week-old plants (Chapter 3). Our resu1ts stress the need of 
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manipulating interspecific competition to favour turfgrass over dandelion and 
consequently increase the competitive pressure on dandelion roots pre and post S. minor 
infection. This could be achieved by increasing grass density and choosing highly 
competitive turf species or cultivars. In general, an additional control measure may be 
needed to increase stress on weeds using bioherbicide-based control (Hasan & Ayres 
1990; Hatcher & Melander 2003). However, regrowth should be investigated with 
respect to anatomical and biochemical changes in the crown and root of dandelion due to 
S. minor infection. 
7.4.4. Effect of S. minor application rate 
The preliminary unpublished data about the recommended field rate of S. minor barley-
based formulation was 40 to 60g m-2 depending on the level of the dandelion infestation. 
The infestation in our field ranged from medium, 40 to 60, to severe, 80 to 120 dandelion 
plants per 1.0 m2 and so we applied 60g as a reliable rate for extremely infested lawns 
with a history of low-maintenance. The CUITent popularity of inundative biological 
control may result in problems, as an increasing number of activities will be executed by 
untrained people (van Lenteren et al. 2003). Due to the above recommendation we 
introduced 120g m-2 to evaluate any consequences for misusing the formulation. No 
important significant differences were obtained in any of the studied parameters by using 
120 instead of 60g m-2 (Figure 7.2). No impacts on turfgrass or consequences on weed 
species composition were observed due to the 120g m-2 treatment. Moreover, applying 
the lower rate (40g m-2) in the third year on aU S. minor treated plots, after the population 
has been suppressed to around 20 dandelions m-2, had similar effects to what was 
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obtained with the higher concentrations in the past two years (Figure 7.1). Our 
suggestion is that, the field recommended rate of S. minor is highly determined by the 
level of dandelion infestation and turfgrass quality and although 60g is an effective rate 
in the worst turf quality, the minimum optimum rate is difficult to predict but should bc 
lower. 
7.4.5. Consequences oftreatments on population dynamics of other weeds 
July was the month of the highest diversity ofbroadleafweeds with a range of3 to 8 
species m-2 and an average of 4 to 5 species m-2 (Figure 7.5). Relatively high temperature 
and rainfaH were recorded during July and these factors could be involved in flourishing 
other broadleaf weeds particularly after the competitive pressure had been released from 
dandelion as a dominant species during this month. Even though Trifolium repens and 
Plantago major were less abundant than dandelion, they still had high temporal and 
spatial frequency even when dandelion population size was in its peak (Figure 7.6). 
These two species were shown to exert competitive responses and competitive effects 
with dandelion and may be classified as important competitors due to similar rosette 
growth form of plantain and tap root of white clover to dandelion (Vavrek 1998). 
Both S. minor and herbicide treatments significantly reduced the diversity of 
broadleaf weeds (Figure 7.5), particularly in the third year and under the spring & faH per 
year treatment. However, a tendency of increasing diversity was observed in August 
2005 in the Killex™ treatment. It is important to note that there was no application of 
Killex™ in 2005 and so the date from last spring treatment was 14 months and from the 
faH treatment was 10 months. The reported data for 2,4-D half-life persistence in soil is 
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variable and ranged between 2 to 269 days (Cox 1999). The increased plot diversity of 
herbicide treated plots was mainly due to graduaI disintegration of herbicide residuals 
which may encouraged other weed species to germinate under a new environment of no 
or limited abundance of dandelion. 
S. minor and herbicide treatments were highly effective, not only in suppressing 
dandelion population, but also in significantly reducing other perennial weeds like 
Trifolium repens, Plantago major, Lotus corniculatus and Ambrosia artemisifolia (Figure 
7.6). The suppression of the above mentioned weeds could be attributed to the direct 
effect of the treatment or to the new improved grass quality or more likely to both 
factors. However, aU species were recorded to be susceptible to spot application of S. 
minor (Chapter 4). Other broadleaf species like Medicago lupulina (black medic), 
Pyrrhopappus carolinianus (Carolina false dandelion), Cerastiumfontanum (mouseear 
chickweed), and Vicia sativa (comman vetch), were suppressed under both S. minor and 
Killex™ treatments, but the rare spatial or temporal abundance of these species made 
their data not aUowable for statistical analysis. 
Importantly, the abundance of Oxalis stricta significantly increased under the 
herbicide treatment (Figure 7.6). We reported earlier from another study site the 
significant increase of Malva neglecta density and the increase in mean values of Oxalis 
stricta and Polygonum aviculare under herbicide treatment (Chapter 6). A shift in weed 
population under herbicide treatment in turfgrass was reported by Johnson (1982) who 
found minor weeds changed to major weeds due to successive annual herbicide 
treatment. The frequent use of2,4-D as early as 1950 had shifted cropping systems from 
broadleafweed to annual grass domination (Aldrich 1984). Weed shift occurs when 
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weed management practices are not equally effective and so certain biotypes or species 
survive, however factors that affect germination, emergence, seedling survivorship and 
seed production could be contributed to weed shift mechanism (Hilgenfeld et al. 2004). 
Even though weed shift after a chemical management practice had received more 
concerns due to the possibility of weed resistance or tolerance, however weed shift could 
occur as a result of periodic cultural management practices like mowing and fertilization 
in turfgrass (Busey 2003) and tillage in other cropping systems (Ball1992). 
Oxalis stricta is a prominent herb with underground perennial rhizomes and an erect 
habit (Doust et al. 1985). Combination of the same herbicides as in KiUex™ was found 
to be ineffective in controlling Oxalis stricta in turfgrass (Bing & Q'Knefski 1980). This 
evidence may explain the increased abundance of this weed in the herbicide treated plots 
and indicate a risk ofweed shifts due to repeated Killex™ applications. 
7.4.6. Consequences oftreatments on turfgrass 
Within each of the three treatments: spring, faH and spring & faH, S. minor and Killex™ 
applications improved the turfgrass quality in a similar manner (Figure 7.7). With the 
spring and spring & faU treatments, significant improvements of turf quality occurred 
directly six weeks after application while the faU treatment was delayed to September 
2004 (Figure 7.7). Turf quality improvement was more likely to be correlated with 
magnitude of suppression of dandelion population rather than application timing, 
frequency, or S. minor concentration. BasicaHy, vegetative turfgrass growth abilities 
increase after weeds have been controlled (Turgeon 1985). Grass injuries due to Killex™ 
application were observed in two plots (out of six) after spring & fall treatment and in 
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another plot after faU treatment. These plots were also invaded by Digitaria ischaemum, 
(smooth crabgrass) in 2004 and 2005. The grass injury was more likely to appear in plots 
with low grass quality, during summer months and after the second application. It is 
important to note that the studied turf is a low-maintained stand and the grass injury was 
more due to stressful effect of excessive use (two applications per year) on poor quality 
grass. Grass injury was not observed in any of S. minor treated plots across the study 
period. 
7.4.7. Consequences of treatments on dandelion floral scapes and seed bank 
At the onset of flowering in May 2005 and prior to any treatment application or mowing 
practice, dandelion floral scapes were found to be significantly reduced in aU S. minor 
and herbicide treated plots compared with the untreated control (Figure 7.8). No further 
flowering across the season was observed in the treated plots. However scattered flowers, 
with more frequency in September, were observed in the untreated plots. Dandelion has a 
major peak of seed production and dispersal in spring and with infrequent and scattered 
flowers over the entire season, but mainly in September (Gray et aL 1973; Stewart-Wade 
et aL 2002b). The low numbers of floral scapes was due to population size reduction and 
particularly to the low proportion ofweU established plants as recorded in the April 2005 
assessment (Figure 7.1 & 7.2). The results may indicate a shi ft in the surviving 
population towards a younger population due the treatments over the past two year. 
Newly emerged dandelions bloom in the spring of the foUowing season and sorne plants 
can flower in their first year under optimum conditions (as reviewed by Stewart-Wade et 
aL 2002b). The reproductive stage of dandelion is a major contributor in its weediness 
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and the most undesirable part of dandelion life cycle because of aesthetic problems in 
lawns (Holm et al. 1997). 
A severe depletion in the dandelion seed bank in the upper 10 cm soillayer occurred 
after S. minar applications (Figure 7.9). In 2004, the average seedbank density in 
untreated plots was 2737 seeds per 1.0 m2 while the seedbank in S. minar treated plots 
was significantly reduced (P = 0.001) compared with untreated plots with an average 
reduction of 73%. Generally, within S. minar treatments, no significant differences of 
seedbank densities were obtained due to the two inoculum concentrations (60 and 120 g 
m-2) or due to time or frequency of S. minar application (Figure 7.9). The variation in 
seed bank densities within S. minar treatments was mainly due to inter-block variations 
in infestation level. The chemical herbicide exerted the strongest impact on seedbank 
density with an average reduction of 88% compared to untreated plots. There were no 
differences due to different application times. In most treatments, no significant 
differences were reported between herbicide and fungal treatments (Figure 7.9). However 
removal of the herbicide treatment in 2005 led to significantly higher seedbank densities 
than 2004, although it was still significantly less than untreated plots. 
The treatment applications were started in spring 2003 thus treated plots received 
either one, two or three applications but no significant differences were obtained due to 
the number of applications. Under the S. minar treatments, there was no further 
significant decrease in seed bank size in 2005 compared with 2004. We concluded that 
one application of S. minar was enough to reduce dandelion seedbank, but to maintain 
long-term reduction successive annual applications should be done. 
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2,4-D is the main effective ingredient of Killex™ and is known to persist for several 
months in the soil (Ross & Lembi 1999) with a half-life ranging from 2 to 269 days (Cox 
1999). Since no herbicide treatment was applied in 2005, the duration from 1ast 2004 
treatment was 14 and 10 months for spring and faU, respectively. The significant highcr 
seedbank obtained under spring than under faU treatment was more likely to be due to 
differences in the duration from last treatment. Spring is the season of dandelion seed 
rain and two seasons had passed after the spring treatment while only one season had 
passed after the faU treatment. 
Dandelion seed bank was estimated to be 1,575,000 seeds per ha in the top 13 cm of 
a grass1and area and 2,350,000 seeds per ha in the top 18 cm of an arable field 
(Champness and Morris 1948). Germination of dandelion seeds was faster and more in 
light conditions than in the dark (Letchamo & Gosselin 1996). The conditions ofburied 
seeds are unfavourable to seedling development and the light is necessary to induce their 
germination (Noronha et aL 1997). The establishment success was negatively correlated 
with depth of seed burial (Bostock & Benton 1979) and 1 to 6% of seeds remained viable 
after four years ofburial in soil (Chepil 1946). 
The soil seedbank is a soil reservoir opened for both processes of deposits and 
withdrawals (Harper 1977). Seedbank deposits occur through seed production and 
dispersal while withdrawals occur through germination, predation, senescence and death 
(Radosevich et al. 1997). Reducing dandelion densities in treated plots may lead to less 
seed production but this could do minor and temporary effects on seedbank density since 
dandelion seeds are wind-dispersed and compensation from close areas could shortly 
occur and replenish minor withdrawals. 
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We suggested that S. minor may kill seeds present in the soil surface layer and so 
reduced further deposits in the seedbank. This suggestion was presented in other studies 
(Abu-Dieyeh et aL 2005; Chapters 8 & 9). However seedbank depletion could also occur 
from extensive repeated withdrawals due to recruitment from dandelion seedbank after S. 
minor treatment. 
In conclusion, S. minor has no residual activity and one month after application 
dandelion population has the ability to persist in a suppressed level mainly due to 
seedling recruitment. Root regrowth was a minor compensative for population size after 
S. minor treatment with signific~ntly less values in superior turf quality plots, after spring 
than faU treatment, and in the third year. Our findings demonstrated the effectiveness of 
S. minor treatment on dandelion seed output which may assist in reducing its 
establishment through building strong perennial tap roots. Therefore substantial 
biocontrol benefit can arise over a long term after reducing old dandelion population 
through repeated application of S. minor, subsequent improved turfgrass competition and 
continuous exhausting of seedbank. 
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Table 7.1. Weather data for Ste-Anne-de-Bellevue, Quebec during the years of study 
2003,2004, and 2005. Environrnent Canada Meteorological Data. Ste-Anne-de-Bellevue 
Station. 
Temperature Relative humidity Rain fa II Oc ( %} (mm} 
Total 
Month/ ~ear Average Min Max Average Min Max monthl~ 
May-03 12.8 2.1 28.2 70.1 15.1 100.0 136.2 
May-04 7.2 -0.7 29.0 68.3 22.1 100.0 123.0 
May-05 11.5 -1.4 26.1 68.1 20.8 100.0 62.6 
June-03 17.9 6.6 32.4 69.7 26.5 100.0 123.9 
June-04 17.2 4.4 29.0 65.2 25.7 99.1 226.2 
June-05 21.1 8.31 32.8 72.5 23.2 100.0 708.6 
July-03 20.4 11.2 30.3 73.2 26.5 100.0 357.4 
July-04 20.5 10.5 31.0 74.6 30.1 99.0 574.2 
July-05 22.2 16.8 31.7 73.7 36.2 97.8 93.4 
August-03 22.0 14.1 29.1 78.9 34.6 100.0 53.0 
August-04 19.3 7.7 29.1 77.6 44.7 99.5 181.9 
August-05 21.4 7.8 32.1 73.3 26.8 100 199.1 
September-03 16.8 5.3 28.9 76.6 30.9 100.0 415.7 
September-04 15.9 4.7 26.2 78;6 41.5 100.0 96.0 
September-05 17.3 3.7 29.1 77.0 39.6 100.0 243.1 
October-03 7.4 -1.8 28.9 80.1 30.9 100.0 221.9 
October-04 8.9 -2.3 24.6 76.8 32.9 100.0 84.6 
October-05 10.8 -2.8 26.5 83.0 36.5 100.0 217.6 
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Table 7.2. Meteorological summary during the 14 days after spring and faU applications 
(averaged across the three years 2003, 2004 and 2005). 
Temperature Relative humidity Dew point Total RainfaU 
eC) (%) eC) (mm) 
Spring FaU Spring FaU Spring FaU Spring FaU 
Average 14.3 16.0 78.9 81.6 10.3 12.6 39.9 97.2 
Min 9.2 10.9 58.8 71.9 3.6 6.9 13.2 15.3 
Max 19.4 20.4 95.1 100 15.3 17.4 57.6 201.5 
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Figure 7.1. Effect of seasonal herbicide and bioherbicide applications on dandelion 
population dynamics. Within each graph, means with a cornrnon letter at each time are 
not significantly different at P = 0.05 according to Tukey's test. Asterisks (*) refer to the 
pre-treatment assessment in the middle of May. 
(1) KillexTM rate = 1.7 kg a.i. ha- I • (2)s. minor rate = 60 g m-2 
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Figure 7.2. Effect of spring versus faH weed control treatrnents on dandelion population 
dynarnics. (A) spring (B) faU and (C) spring & faH per year. Within each graph, rneans 
with a cornmon letter at each time are not significantly different at P = 0.05 according to 
Tukey's test. Asterisks (*) refer to the pre-treatrnent assessrnent in the middle of May. 
(1) KiUexTM rate = 1.7 kg a.i. ha- I • 
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Figure 7.3. Regrowth capacities of dandelion roots after spring and fall applications 
Sclerotinia minor. Error bars refer to standard deviations of the means. Values are the 
means of 12 plot replicates. Bars with common letters are not significantly different at P 
= 0.05 according to Tukey's test. 
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Figure 7.4. Regrowth capacities of dandelion roots according to plot grass quality. Error 
bars refer to standard deviations of the rneans. Values are the rneans of 5 plot replicates. 
Within a seasonal application tirne, bars with cornrnon letters are not significantly 
different at P = 0.05 according to Tukey's test. 
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Figure 7.5. Effect of seasonal herbicide and bioherbicide applications on broadleaf weed 
species diversity. (A) spring, (B) faU and (C) spring & faU application (s). 
Within each graph, means with a common letter at each time are not significantly 
different at P = 0.05 according to Tukey's test. 
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Figure 7.6. Effect of herbicide and bioherbicide applications on the population dynamics 
of selected broadleaf species. Within each graph, means with a common letter at each 
time are not significantly different at P = 0.05 according to Tukey's test. 
(l)density was estimated by measuring how many 10 cm diameter patches of white clover 
covered the ground of a plot. 
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Figure 7.7. Effect of seasonal herbicide and bioherbicide applications on turfgrass 
quality. (A) spring, (8) faU and (C) spring & faH application (s). Within each graph, 
means with a common leUer at each time are not significantly different at P = 0.05 
according to Tukey's test. 
(l)a visual rank scale of 0 to 100% was used with 0% for no grass and 100% for optimum 
grass quality . 
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Figure 7.8. Number of dandelion floral scapes encountered after two years ofweed 
control treatment (H = herbicide; BI = 60g m-2, and B2 = 120g m-2 S. minor 
bioherbicide) and different seasonal applications (S = spring; F = faH, and S & F= spring 
and faH per year). Average of six replications. Within each year, means foHowed with the 
same letter do not significantly different (P = 0.05) by Tukey's test. 
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Figure 7.9. Effect of herbicide and bioherbicide applications on the dandelion seed bank 
in the upper 10 cm soillayer in 2004 and 2005. (S = spring; F = faU and S&F= spring 
and faU application time) and different weed control treatments (H = herbicide; B l = 60g 
m-2 and B2 = 120g m-2 S. minor bioherbicide). Average of six replications. Within each 
year, means foUowed with the same letter do not significantly different (P = 0.05) by 
Tukey's test. Data between 2004 and 2005 are (*) significantly different at P = 0.05 and 
(**) at P = 0.001. 
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PREFACE TO CHAPTER 8 
Results from the previous chapters have provided the following information: 
(1) The fungus is able to reduce the density of dandelion populations by more 
than 90% within two weeks of application. 
(2) WeIl established dandelion plants have the ability to regenerate shoots 
from damaged crowns that survive. However, this regrowth provides minimal 
compensatory recovery of the total population and can be further diminished with 
increased competitive stress from the turfgrass. 
(3) S. minor cause severe defoliation and collapse of the dandelion biomass 
that led to gaps ofbare ground in the grass vegetation coyer. However, S. minor has no 
residual activity and dandelion seedling recruits from the seedbank quickly colonized 
these gaps and the population flourished again. 
(4) Following S. minor application, turfgrass quality improved by increased 
vegetative growth, but this growth was slow, graduaI and not able to maximize the 
exploitation of the available resources in these low-maintained naturalized turfgrass sites. 
With the above information, 1 hypothesized that grass over-seeding on bare 
ground/or in grass canopy gaps which remained after clearing away the dandelion 
population would initiate competitive interaction in the upper soillayer between new 
grass seedlings and dandelion seedlings. Over-seeding the grass at the same time or 
shortly after S. minor application should exert the greatest competitive pressure on 
dandelion seedling recruitment. 
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The following questions remained unanswered: 
1- Does S. minor have any effect on dandelion seeds? Results from the previous 
chapter indicated that the dandelion seedbank was reduced in the year following the 
treatment, but whether this was the result of fungal colonization of seeds or was the 
seedbank exhausted due to maximum seedling recruitment is not known. 
2- Do the mycelia of S. minor have any adverse effect on grass seed survival, seed 
germination, or seedling establishment? 
Chapter 8 has provided the answers to the above questions and also presents a 
fruitful ecological approach to control dandelion with S. minor. 1 tested the above 
hypothesis in two field studies. 
The results of Chapter 8 have been prepared in manuscript form to be submitted to 
the Journal of Applied Ecology. The manuscript is co-authored by Professor Alan K. 
Watson, my supervisor. 1 designed the experimental set-up, performed the experiments 
and the statistical analysis, and wrote the manuscript. Professor Watson supervised the 
work, provided financial and technical resources, and corrected the manuscript. 
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CHAPTER8 
The significance of competition: suppression of Taraxacum officinale 
populations by Sclerotinia minor and grass over-seeding 
MOHAMMED H. ABU-DIEYEH and ALAN K. WATSON 
Department of Plant Science, McGill University, 21,111 Lakeshore Road, 
Ste-Anne-de-Bellevue, Quebec, Canada, H9X 3V9 
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8.1. Abstract 
1. The dilemma of Taraxacum officinale (common dandelion) control is mainly due to its 
high seed production, dispersal, and germination potential. A successfullong-term 
biocontrol strategy should not only suppress established plants, but should exert negative 
effects on seeds and prevent seedling establishment. 
2. The potential of Sclerotinia minor to cause T. officinale seed mortality and to reduce 
its emergence without impact on turfgrass species were evaluated in greenhouse 
experiments. The effect of S. minor application, in combination with grass over-seeding, 
on T. officinale suppression and turf quality was also evaluated in field experiments over 
two growing seasons. 
3. Sclerotinia minor exerted strong detrimental effects on post-dispersed T. officinale 
seeds, without negative effects on turfgrass seeds. In a greenhouse environment, a pre-
emergence application of S. minor at the time of seeding and a post-emergence 
application at 10 days after seeding significantly (P = 0.001) reduced T. officinale 
emergence to 17% and 2%, respectively, compared with 70-80% germination in the 
untreated control. There were no adverse effects of direct S. minor contact on turfgrass 
seed germination, seedling emergence, or seedling establishment. AH the turfgrass 
species tested displayed superior visual ratings one month after S. minor application 
compared with untreated control ratings. The application of the biocontrol treatment at 
sowing significantly increased the total biomass (dry matter) of Lolium perenne 
(perennial ryegrass) and Agrostis palus tris (creeping bentgrass). 
4. In the field, grass over-seeding alone did not improve grass quality or reduce T. 
officinale population densities in the low-maintained lawns. However, the application of 
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S. minor with grass over-seeding at sowing or 10 days after sowing resulted in 70-80% 
reduction of the T. officinale population in the first year and the reduction continued to 
more than 95% in the following year even though there were no further seed or 
biocontrol treatments. Turfgrass visual appearance and qua lit y significantly and 
continuously improved over the growing season reaching to 80% compared to 10-20% in 
the control plots. Densities of Trifolium repens (white clover) and Convolvulus arvensis 
(field bindweed) were also significantly reduced when S. minor was applied with grass 
over-seeding compared with the biocontrol alone. 
5. Synthesis and application. In conclusion, S. minor has strong biocontrol effect on 
established T. officinale plants and when combined with grass over-seeding, grass 
competitiveness is increased and weed emergence and colonization are reduced. The high 
susceptibility of T. officinale seeds to S. minor broaden the potential of S. minor as an 
effective biocontrol agent for long term reduction of the T. officinale seed bank. 
Key-words: biological weed control; Sclerotinia minor; Taraxacum officinale; over-
seeding; seedling survivorship, turfgrass. 
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8.2. Introduction 
Taraxacum officinale is a common weed infesting home lawns, pastures, forage crops, 
roadside verges, golf courses, and athletic fields (Stewart-Wade et al. 2002b). The 
species is native to Eurasia (Solbrig & Simpson 1974) and is now distributed worldwide 
(Holm et al. 1979). Taraxacum officinale colonizes widely variable habitats, grows in a 
wide range of soil types (Von Hofsten 1954; Simon et al. 1996), resists drought (Von 
Hofsten 1954), and adapts to a wide range oflight and shade intensities (LongyeAr 
1918). Although T. officinale was described basically as an r-strategist, emphasizing seed 
production and favouring colonizing (Gadgil & Solbrig 1972), it is also considered an 
inhabitant or k-strategist, with competitive abilities under different environmental 
conditions (Solbrig 1971; Ford 1981). 
Colonization of an unoccupied area by a plant species generally relies on 
reproduction by seeds (Hoya et al. 2004). The high seed potential and dispersal abilities 
of T. officinale are major features that lead to its prevalence in turfgrass environment and 
to the dilemma ofits control. Seed output is highly variable. Roberts (1936) estimated 
upwards of23,436 seeds per plant during a growing season, while Bostock and Benton 
(1979) reported 2170 seeds per plant. The variation in T. officinale reproductive ecology 
has been attributed to size and vigour of the plant (Longyear 1918), intra-population 
biotype variations (Solbrig & Simpson 1974), the habitat of occurrence (Ford 1981), and 
the T. officinale vegetative mass and density of neighbours (Welham & Setter 1997). 
The T. officinale seed bank has been estimated to be 1,575,000 seeds ha- I in the top 
13 cm ofa grassland area and 2,350,000 seeds ha- I in the top 18 cm ofan arable field 
(Champness & Morris 1948). Mature T. officinale seeds 1ack primary dormancy 
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(Marinkova & Honek 1997) and germination was faster and greater with light than in the 
dark (Letchamo & Gosselin 1996). Seed burial is unfavourable to seedling development 
and the inducible light effect is important to prevent their germination (Noronha et al. 
1997). Establishment success is negativeiy correlated with depth of seed burial (Bostock 
& Benton 1979) and only 1-6% of seeds remained viable after four years of burial in soil 
(Chepil 1946). 
Increasing public concerns about pesticide use in urban environments has prompted 
research with alternative means of cultural and biological methods of control (Kennedy 
& Kremer 1996; Hatcher & Melander 2003; Larsen et al. 2004). Although cultural 
management techniques could reduce dependency on chemical herbicides and fertilizers, 
they do not provide reliable broadleafweed control (Busey 2003). Many biological weed 
control programs have focused on seed attacking insects (Kremer 2000), but limited 
research has been placed on the micro-organisms that reduce seed viability and seedling 
emergence (Kremer 1993; Kremer 2000; Medd & Campbell 2005). Since natural 
reproduction and dispersal of T. officinale depend exclusively on seeds, a successful 
biocontrol agent should adversely affect seed viability, seedling emergence, and/or 
survival. 
Sclerotinia minor Jagger (Ascomycetes) (IMI 344141) has been evaluated as a 
potential biocontrol agent for T. officinale (Ciotola et al. 1991; Riddle et al. 1991; Brière 
et al. 1992; Schnick et al. 2002; Stewart-Wade et al. 2002a). Recent greenhouse and field 
results have shown S. minor to significantly reduce population densities and above and 
below ground biomass of T. officinale (Abu-Dieyeh and Watson 2006: Chapter 5). When 
the biocontrol was applied on a flowering T. officinale population, fruit formation was 
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advanced resulting in seed morphological abnormalities and germination potential was 
reduced approximately 50% (Abu-Dieyeh et al. 2005: Chapter 9). The fungus was not 
detected on or in those seeds. S. minor is a broadleaf pathogen and has never been 
reported as a pathogen of turfgrass species (Melzer et al. 1997). The potential of S. minor 
to cause seed mortality, to reduce T. officinale seedling emergence, to reduce the T. 
officinale seed bank, or to interfere with grass seed germination and establishment have 
not been examined. 
Weed infestations in turfgrass are more likely a matter of lack of competitive ability 
of the grass (Larsen et al. 2004) and they are the symptoms, not the cause (McCarty et al. 
2001). Therefore, minimizing the development of ecological niches required for weed 
encroachment is a key component of non-pesticide control (Larsen et al. 2004). Over-
seeding grass is a common turf management practice in turfrenovation (Turgeon 1985; 
Larsen et al. 2004). Can grass over-seeding and consequently grass establishment 
improve the success of S. minor to control T. officinale and other broadleafweeds? We 
hypothesized that the challenge for T. officinale control using S. minor is to manipulate 
grass competition by reducing vegetation gaps and encouraging growth of dense 
turfgrass as soon as S. minor has been applied. Thus, the objectives ofthis study were to: 
1) assess the effect of S. minor on T. officinale seed viability and seedling emergence, 2) 
determine the susceptibility of turfgrass species to S. minor, and 3) determine if over-
seeding can enhance weed biocontrol and turfvigour. 
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8.3. Materials and Methods 
8.3.1. Fungus formulation 
Sclerotinia minor (lMI 344141) was isolated from diseased lettuce plants (Lactuca sativa 
L.) from southwestem Quebec and the stock culture was maintained as sclerotia at 4°C. 
The mycelia of the germinated sclerotia were used to inoculate autoclaved barley grits 
(1.4-2.0mm diameter) as described in Abu-Dieyeh and Watson (2006: Chapter 5). The S. 
minor granular formulations were freshly prepared two weeks prior to treatment 
applications. Viability and virulence of the fungal inoculum were assessed prior to use on 
potato dextrose agar (PDA) plates and on excised T. officinale leaves. 
8.3.2. Efreet of S. minor on the emergenee of T. officinale and a turfgrass 
commercial seed mixture 
Fruiting heads of individual T. officinale plants were collected in spring 2003 from 
naturalized plants in lawns on the Macdonald Campus, McGill University, Ste-Anne-de-
Bellevue, Quebec and stored at 4°C until being used. The grass seeds used in this 
experiment were from a commercial grass seed mixture [30% Poa pratensis L. 
(Kentucky bluegrass), 40% Festuca rubra L. var. rubra s.l. (creeping red fescue) and 
30% Lolium perenne L. (turftype perennial ryegrass), c.I.L.® Golfgreen™, Brantford, 
ON]. 
Potting trays (45 x 25 x 8cm) were filled with a mixture of 2/3 pasteurized black 
soil and 1/3 pro-mix (Premier Promix, Premier Horticulture Ltee, Riviere-du-Loup, QC) 
and divided into two equal parts (20 x 25cm = 0.05 m2) eachrepresenting an 
experimental unit, one for the treatment with the barley-based formulation of S. minor 
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and the other as the untreated control. A separation zone of 5 x 25cm strip was left bare 
for aU the treatments. 
The experiment was arranged in a completely randomized design with four 
replications and two factors. The first factor was seeds sown with three levels, T. 
officinale seeds alone (25 seeds per treatment area), grass seeds alone (lg per treatment 
area), and a mixture of25 T. officinale seeds plus 19 grass seeds per treatment area. The 
second factor was time of S. minor application, with two levels: at sowing or 10 days 
after sowing (after emergence ofboth T. officinale and grass seedlings). The S. minor 
colonized granules (1.4 - 2 mm diameter) were applied at 3 g per treatment area (equal to 
60g m-2) on the surface of the pre moistened soil. For three days after S. minor 
application, the trays were covered with clear plastic covers to maintain a moist soil 
surface. The trays were placed in a greenhouse at 24 ± 2°C with 15hr oflightlday at 
photon flux density minimum of350 ± 50 Il mol m-2 S-1. The trays were checked daily 
and misted with water whenever needed. The experiment was conducted in March 2005 
and was repeated in May 2005. 
The ability of S. minor to colonize T. officinale and turfgrass seeds was visually 
determined daily. The numbers of emerged T. officinale seedlings and survived seedlings 
were recorded daily for four weeks and the total emergence was calculated as a 
percentage of the total number ofseeds sown (n = 25). Treatment effects on grass 
emergence were visually recorded each week for four weeks as a percentage value in 
relation to the untreated control in the same tray. Any growth retardation, disease 
symptom, or damage on the grass species was recorded. 
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Data for each parameter from the two experimental trials were subjected to the 
Bartlett test of SAS (SAS Institute Inc., Cary, NC, 2002) to test for the homogeneity of 
variances. Data for aH measured parameters were homogeneous, thus the two 
experiments were pooled and analyzed as one with eight replications. The main effects of 
S. minor treatments on the emergence of T. officinale and turfgrass seeds were 
determined separately using the ANOV A of SAS. The means were separated using 
Tukey's test at P = 0.05 (SAS). 
8.3.3. Effect of S. minor on the germination potential and emergence of five 
turfgrass species. 
To determine the effect of S. minar on individual grass species, five common cool season 
temperate turfgrass species, P. pratensis, F. rubra var. rubra, L. perenne, F. rubra L. ssp. 
commutate Gaudin (chewing's fescue), and Agrostis palustris Huds. (creeping bentgrass) 
were sown (O.lg per pot) into a pre-sterilized potting mix consisting of2/3 sand and 1/3 
vermiculite in 5 x 5 x 8cm pots (area = 0.0025 cm2). The experiment was conducted 
between June and August 2005 and treatments were arranged in a completely 
randomized design with two factors: l) inoculum with three levels and 2) time of 
inoculation with two levels. Inoculation treatments inc1uded untreated control, O.2g per 
pot of autoc1aved non-colonized barley, and 0.2g per pot of S. minor colonized barley (at 
a rate equal to 80g per m2, which is twice the recommended application rate). Treatments 
were applied at the time of sowing or at lO days after sowing. There were six replicate 
pots of each treatment combination. 
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Plants were grown in a greenhouse at 20 ± 2°C with lSh of light per day at a 
--~-. 
minimum photon flux density of3S0 ± SO Il mol m-2 S-I. The pots were placed in trays 
(40 x 30 x 8cm) and 1.0cm ofwater was maintained in the trays. Mist water was applied 
for five minutes prior to treatment application and repeated daily until the end of the 
experiment. Clear plastic covers were used to coyer the pots for three days after 
inoculum application to maintain moist conditions necessary for fungal growth. The 
experiment was repeated under similar conditions except that the soil substrate was 
changed to an autoclaved (40 min at 121°C) 1:1 mixture of black soil and sand. 
Treatment effects were visually recorded weekly for a period of four weeks as a 
percentage value relative to the untreated controls. Any disease symptoms or damage on 
the grass species were also recorded. Four weeks after the first treatment application, the 
entire plants were removed and soil residues adhering to the roots carefully washed using 
a wide mouth container filled with water. The total plant biomass of each pot was bulked, 
placed in paper bags, oyen dried at 80°C for 72h, and then weighed. The main treatment 
effects were determined separately for each grass species using ANOV A of SAS and the 
means were separated using Tukey's test (SAS) at P = O.OS. 
8.3.4. Field study: Combining S. minor with grass over-seeding 
Two field studies were conducted during 2004 and 200S. The first study was initiated in 
May 2004 (Spring Trial) and continued until the end of September 200S while the second 
study was started in September 2004 (Fall Trial) and continued until Septemher 200S. 
Both trials were adjacent to each other on an institutionallawn on the Macdonald 
Campus of McGill University in Ste-Anne-de-Bellevue, QC (4S02S'N latitude, 73°SS'W 
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longitude, 39.00m elevation). The soil is a loamy sand (coarse sand = 9%, fine sand = 
80%, silt = 5%, clay = 6%), with a pH of6.7, and 7 % organic matter. The lawn receivcd 
low maintenance management throughout its history except for regular mowing during 
the growing season (May to October). Grass groundcover was 40-60% with 
approximately 95% P. pratensis and 5% L. perenne. Broadleafweed diversity was low as 
only five broadleafweeds were observed with T. officinale the dominant weed species 
(60 to 80 T. officinale plants m-2). Trifolium repens L. (white clover) was the second 
most prevalent weed species foHowed by Convolvulus arvensis L. (field bindweed). The 
climate data for the years of study (2004 - 2005) are summarized in Table 8.1. 
A randomized complete block design with three replications was used in both field 
experiments. The treatments were: 1) granular formulation of S. minor at 40g m-2, 2) 
grass over-seeding at l5g m-2, 3) granular formulation of S. minor (40g m-2) combined 
with grass over-seeding (l5g m-2) on the same day, 4) granular formulation of S. minor 
(40g m-2) combined with grass over-seeding (15g m-2) at 10 days after S. minor 
application, 5) granular formulation of S. minor (40g m-2) combined with grass over-
seeding (l5g m-2) at 20 days after S. minor application, and 6) untreated and not over-
sown control. AH treatments were applied twice, in the spring and the faH of 2004 for the 
Spring Trial and in the faH (2004) and the spring (2005) for the FaH Trial. 
The S. minor granular formulation was broadcast applied using a 200 ml plastic 
bottle fitted with a perforated lid (~10 mm diameter) with suitable openings to pass the 
granules. Ifthere was no rainfall on the day of application or the grass was not wet, the 
entire field was sprinkler irrigated for two hours prior to late afternoon treatment 
applications. The commercial grass seed mixture described above was used in this 
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experiment. The grass seeds were manuaUy spread over the plot area wherein bare 
ground and gaps within the grass canopy received more seeds. Then the area was 
manuaUy rolled over to ensure proper incorporation of seeds in the soil surface. If there 
was no rainfall, the whole field was sprinkler irrigated for two ho urs daily up to two 
weeks after sowing, and then watering was practiced whenever needed. 
The experimental unit (plot) was 1.0 m2 with 0.6 m alleys between any two plots. 
The distance between any two blocks was 2 to 3 m. The corners of each plot were 
permanently marked by wooden sticks to maintain plot integrity for the duration of the 
study. The entire field was mowed regularly at 7 to 10 cm with agas powered rotary 
push mower. Grass c1ippings were returned during July and August to act as a source of 
nitrogen (Kopp & Guillard 2002), but were removed during the six weeks post fungal 
treatment periods to pre vent possible cross contamination between plots. 
Pre-application data were coUected one or two days prior to the spring or fall 
applications in the middle of May and September, respectively. Post application data 
were collected in the last week of each month. The data inc1uded the number of 
individuals of each broadleaf weed species per plot, a visual estimate of broadleaf 
ground, and a visual estimate of the turfgrass quality. Trifolium repens density was 
estimated by measuring how many 10 cm diameter patches of T. repens covered the 
surface of a plot. Turfgrass quality was rated from 0 to 1 00 based on the combination of 
colour and density where 0 = no growth and 100 = completely uniform turf (Johnson & 
Murphy 1992). 
Data from the two field trials could not be combined due to seasonal and application 
timing variations. Therefore, in order to test the effect of treatment timing (between 
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spring and faU) on T. officinale density, data from May 2004 - May 2005 and September 
2004 - September 2005 (for Spring and FaU Trials, respectively) were adjusted using the 
"Before-After, Control-Impact (BACI) equation" (Green 1979) 
BACI value = (At / Bt) / (Ac/Bc) x 100 (equation 1) 
Where, B = T. officinale density at the time oftreatment (before the impact), A = T. 
officinale density after treatment (after the impact), t = treatment, and c = control. The 
control used for comparison was the untreated plot in the same block. 
Normality for each parameter was tested on model residuals using the Shapiro-Wilk 
test. Treatment effects on monthly BACI T. officinale densities data were separately 
analyzed for each assessment using the one-way ANOV A while the two-year population 
density data of the spring study were analyzed using the GLM procedure of repeated 
measures to determine the significant interactions among different treatments with the 
time factor. Average population density data of white clover and field bindweed were 
transformed to [log(X + 1)] then analyzed using the two-way ANOVA for a complete 
block design by considering treatment combinations as one factor and the year as a 
second factor. Differences in treatment means for aH analysis were determined using 
Tukey's test at P = 0.05. AH statistical analyses were conducted using the SAS statistical 
package (SAS Institute Inc., Cary, NC, USA 2002). 
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8.4. Results 
8.4.1. Effect of S. minor on the emergence of T. officinale and a turfgrass 
commercial seed mixture. 
Taraxacum officinale seeds and seedlings were highly susceptible to S. minor and cou Id 
be completely colonized by the fungus ifthey were in direct contact with the mycelia 
emerging from the granules. The pre emergence application of S. minor (at sowing) 
significantly (P = 0.01) diminished T. officinale emergence from approximately 70 to 
80% total germination in the untreated areas to 17% in the areas treated with S. minor. 
Moreover, the post-emergence application (10 daysafter sowing) reduced T officinale 
seedling survival to 2% (Figure 8.1). In a mixture of T officinale and grass seeds without 
the fungus, a 10% decrease in emergence of T officinale was observed compared with T 
officinale alone (Figure 8.1). Regardless of the grass factor, T officinale emergence 
through time was significantly affected by the timing of the S. minor application. 
Application at sowing reduced emergence to 7.5% one week after application, but 
emergence gradually increased and reached 16.5% three weeks after application. This 
emergence escape when S. minor was applied at sowing was significantly higher two and 
three weeks after application than the treatment at 10 days after sowing which remained 
at only 2% emergence . 
. 
Fungal growth was rarely observed on the grass seeds. In most cases (> 90% of 
seeds), no colonization of the grass seeds was observed. Grass germination and seedling 
establishment were less than that obtained in the untreated control from 7 to 1 0 days after 
S. minor was applied at sowing. However, by the third and fourth week of the 
experiment, there were no differences in grass quantity and quality. Applying S. minor 10 
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days after sowing had no adverse effect on grass seedlings. No signs of damage or 
growth reduction were observed due to S. minor treatments. One month after grass 
sowing, the S. minor treated grass generally had better visual appearance and vigour than 
the untreated control (Data not presented). 
8.4.2. Effeet of S. minor on the germination potential and emergenee and 
establishment of five turfgrass species 
One week after application, the vigour of turfgrass seedling emergence was less due to 
the S. minor treatment, but by four weeks after application superior grass ratings were 
recorded as compared with the untreated or autoclaved non-colonized barley treatments 
(Table 8.2). There were no signs of damage on the grass species due to the S. minor 
treatment except when applied 10 days after sowing on creeping bentgrass. The damage 
was observed in a few areas where spreading mycelia from masses of barley grits 
clumped, forming a thick mat preventing normal growth of bentgrass seedlings. The total 
biomass of L. perenne and A. palus tris were significantly increased when S. minor 
granules were applied at sowing compared with the control treatments (Figure 8.2). In 
the repeat of this experiment, the soil substrate was changed to more accurately simulate 
the field conditions and there were no significant treatment effects on total biomass of the 
five grass species. 
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8.4.3. Combining grass over-seeding with S. minor application 
Data from the two field studies, spring and faH trials, indicated the effectiveness of 
combining S. minor with grass over-seeding to suppress the T. officinale population 
(Table 8.3 & Figure 8.3). Grass over-seeding alone had no suppressive effect on T. 
officinale densities. After the first application, S. minor alone, or with grass over-seeding, 
significantly decreased the T. officinale population compared to the control. 
In the Spring Trial, seeding at 0 or 10 days after application of S. minor resulted in 
suppression of the T. officinale population down to 2 to 6% of its original size compared 
to 13 to 17%, 33 to 39%, and 65 to 95% for S. minor plus seeding at 20 days after 
application, S. minor alone, and seeded without S. minor treatments, respectively (Table 
8.3). In April and May of the foHowing season, greater reduction in T. officinale densities 
occurred after seeding and two S. minor treatments (spring Trial) than one S. minor 
treatment (faH Trial). The Spring Trial was monitored for an extra season without 
additional seeding or S. minor treatments (Figure 8.3). Taraxacum officinale was reduced 
to 2 to 5 plants per m2 over the entire season in plots seeded at 0 or 10 days after S. minor 
application. Over-seeding at 20 days after S. minor application had significantly less 
effect on T. officinale than over-seeding at 0 or 10 days after S. minor application. While 
the previous year's treatment of S. minor reduced the T. officinale population by 
approximately 50%, seeding at 0 or 10 days after S. minor application in the second year 
reduced the population down to approximately 5% ofits original density. Intermediate 
values of T. officinale densities were obtained by seeding at 20 days after S. minor 
application, but these values were still significantly lower than S. minor al one (Figure 
8.3). 
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GraduaI and progressive improvement of the grass visual quality, estimated as a 
combination of color and vigour, was observed in aH grass over-seeding treatments with 
significantly higher values in plots seeded at 0 and 10 days after S. minor application 
than those seeded at 20 days after S. minor application (Figure 8.4). Sowing grass seed 
without the fungal treatment had higher, but non significant, turf quality than the 
untreated, non-seeded control. Turf quality was improved by S. minor treatment alone 
with significantly higher values by September of the first year and from June to 
September of the second year (Figure 8.4). 
Trifolium repens (white clover) was the second most common species in aU plots 
and its density was significantly reduced in the first year under aU S. minor and seeding 
treatments. In the second year, T. repens density declined in aU plots, even in the 
untreated, but the greatest reductions occurred in the plots seeded at 0 and 10 days after 
S. minor application (Figure 8.5). Convolvulus arvensis (field bindweed) population 
densities (2 to 10 plants m-2) were not affected in the first year, but in the second year C. 
arvensis density was significantly reduced in the plots over-seeded at 0 and 10 days after 
S. minor application. Convolvulus arvensis density significantly increased in the control, 
the over-seeded without S. minor, and S. minor alone treatments in the second year 
compared with the first year (Figure 8.5). 
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Table 8.1. Weather data for Ste-Anne-de-Bellevue, Quebec during the years of study, 
2004 and 2005. Environment Canada Meteorological Data. Ste-Anne-de-Bellevue 
Station. 
TemEerature eC) Relative humidity {%) Rainfall (mm) 
Month/ year Average Min Max Average Min Max Total monthly 
May-04 7.2 -0.7 29.0 68.3 22.1 100.0 123.0 
May-OS 11.5 -lA 26.1 68.1 20.8 100.0 62.6 
June-04 17.2 404 29.0 65.2 25.7 99.1 226.2 
June-OS 21.1 8.31 32.8 72.5 23.2 LOO.O 708.6 
July-04 20.5 LO.5 31.0 74.6 30.1 99.0 574.2 
July-05 22.2 16.8 31.7 73.7 36.2 97.8 9304 
August-04 19.3 7.7 29.1 77.6 44.7 99.5 181.9 
August-05 21.4 7.8 32.1 73.3 26.8 100 199.1 
Septernber -04 15.9 4.7 26.2 78.6 41.5 LOO.O 96.0 
Septernber-05 17.3 3.7 29.1 77.0 39.6 100.0 243.1 
October-04 8.9 -2.3 24.6 76.8 32.9 100.0 84.6 
October-05 10.8 -2.8 26.5 83.0 36.5 100.0 217.6 
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Table 8.2. Effect of treatments on grass establishment estimated as a percentage of 
treatment effect compared to untreated control. Average of six replications. (+) = positive 
effect; (-) = negative effect; (0) = no change. 
Treatment( 1) 
weeks post S. minor barle}: grits Non-colonized barle}: 
a~~lication o DPS(2) 100PS OOPS 100PS 
Creeping bentgrass 1 -32 0 -10 0 
2 0 0 -3 -5 
3 0 -3 0 -2 
4 +13 +17 +4 0 
Chewing Fescue 1 -35 0 -10 0 
2 0 0 -3 -7 
3 0 0 -1 -3 
4 +15 +18 +2 0 
Kentucky bluegrass 1 -31 0 -10 0 
2 0 0 -3 -5 
3 0 0 -3 -2 
4 +13 +22 +2 0 
Perrenial ryegrass 1 -26 0 -12 0 
2 0 0 -5 -5 
3 0 +5 0 -2 
4 +10 +18 +1 0 
Creeping red fescue 1 -25 0 -10 0 
2 0 0 -5 -4 
3 0 +5 -3 -4 
4 +10 +16 0 0 
(I): a rate equal to 80 g m-2 
(2): OPS = days post sowing 
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Table 8.3. Response of dandelion population density to grass over-seeding and Sclerotinia minor treatments across two seasonal 
trials. Within each row, means with a common letter are not significantly different at P = 0.05 according to Tukey's test. 
dandelion density (BACI %)(1) 
Untreated Treated with S. minor(2) 
Date of Seeded Non seeded Seeded(4) at 
Exg. trial assessment at 0 DAA(3) ODAA 10DAA 20DAA 
Spring 2004 30-May-04 100 a 12 b 5b 10 b 12 b 
30-Jun 95 a 47b 43 b 44 b 44 b 
30-Jul 97 a 68 b 60b 64 b 59 b 
30-Aug 108 a 68 b 33 c 36 c 56 bc 
15-Sep 100 a 65 b 40 cd 35 d 52 be 
30-Sep 95 a 39 b 2d 3d 16 c 
30-0ct 85 a 36 ab 2c 1 c 13 b 
20-Apr-05 65 a 33 ab 4e 6c 15 b 
15-May 85 a 39 b 4d 3d 17 c 
Average 87 a 47b 22 c 23 c 32 be 
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Fa112004 30-Sep-04 96 a 20b llb 15 b 22 b 
30-0ct 101 a 42 b 25 c 25 c 35 bc 
20-Apr-05 110 a 60b 47b 54 b 65 b 
15-May 93 a 45 b 43 b 39 b 45 b 
30-May 93 a 14 b 8b Il b 18 b 
30-Jun 78 a 45 b 21 c 20 c 32 bc 
30-Jul 112 a 57b 27 c 35 bc 58 b 
30-Aug 110 a 60b 24 c 33 c 45 bc 
30-Sep-05 109 a 52 b 17 d 26 cd 42 bc 
Avera2e 98 a 44 b 24 c 28 c 40 b 
(1) Before-After Control Impact = (AtlBt)/(Ac/Bc) x 100. B=density before treatment, A = density after treatment, t = treated plants 
and c= control. 
(2) In each experimental trial S. minor was applied two times (~15-May and 15 Sep) at 40 g m-2. 
(3) DAA=number of days after application of S. minor. 
(4) Commercial grass mixture was seeded at a rate of 15 g m-2 as recommended by the manufacturer for turf over-seeding. 
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Figure 8.1. Effect of Sclerotinia minor application on germination potential and seedling 
survival of Taraxacum officinale seeds. Average of eight replications. DAS refers to days 
after sowing. Bars with a cornrnon letter are not significantly different at P = 0.05 
according to Tukey's test. 
(1) S. minor application rate equal to 60 g rn-2• 
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Figure 8.2. Effect of Sclerotinia minor and inoculation time on total dry matter biomass 
of five turfgrass species. Average of six replications. DAS = Days after sowing; CB = 
creeping bentgrass; CF = chewing's fescue; KB = Kentucky bluegrass; PR= perennial 
ryegrass and CR = creeping red fescue. Within the same grass species, bars with a 
common letter are not significantly different at P = 0.05 according to Tukey's test. 
(1) S. minor application rate was 80 g m-2• 
(2) autoclaved-non-colonized barley application rate was 80 g m-2. 
1.4 
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Figure 8.3. Effect of combining grass over-seeding with Sclerotinia minor on 
Taraxacum officinale population dynamics in turfgrass. DAA = number of days after 
fungus application. Within each time assessment, means with a common letter are not 
significantly different at P = 0.05 according to Tukey's test. Arrows indicate dates of S. 
minor application. Asterisks (*) refer to the assessment conducted at the mid of the 
indicated month. 
(1) A commercial grass mixture was used to over seed plots at 15 g m-2 
(2) The S. minor treatments were applied at 40 g m-2 
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100 -II-- S. minar treated(2" nan-seeded 
-0-- S. minar Irealed, seeded at 0 DAA 
-V- S. minorlrealed, seeded al 10 DAA 
90 ~- S. minor Irealed, seeded al 20 DAA 
N~ 
1 
E 
~ 
80 a a 
co 
0.. 70 
.... 
0 
0 
.s 60 
~ 
'in 
c 50 Q) 
'0 
C 
0 b ~ 40 
'5 
a. b 0 
a. 30 
c 
.2 
Qi 
'0 20 c 
co 
Cl 
10 
d d c c d d d 
0 
M J J A 0 M J J A S 0 
::> 2004 < ::> 2005 < 
, 
.,; 
.-' i 
217 
Figure 8.4. The effects of combining grass over-seeding at different times with 
Sclerotinia minor on turfgrass visual quality. DAA = number of days after fungus 
application. Within each time assessment, means with a common letter are not 
significantly different at P = 0.05 according to Tukey's test. Arrows indicate dates of S. 
minor application. 
(1) A commercial grass mixture was used to over seed plots at 15 g m-2 
(2) The S. minor treatments were applied at 40 g m-2 
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Figure 8.5. Effect of applying grass over-seeding at different times of Sclerotinia minor 
application on population densities of white clover Trifolium repens and field bindweed 
Convolvulus arvensis across the two years 2004 and 2005. UN: untreated and non-
seeded; USO: untreated and seeded at 0 days post fungal application (DPA); TN: S. minor 
treated and non-seeded; TSO: S. minor treated and seeded on day of the S. minor 
application; TS 10: S. minor treated and seeded 10 days after S. minor application; TS20: 
S. minor treated and seeded at 20 days after S. minor application. Within the same graph, 
bars with a common letter are not significantly different at P = 0.05 according to Tukey's 
test. Significant difference at P = 0.05 (*) and at P = 0.01 (**) between the two years. 
Seeding treatment was applied once in spring 2004 using commercial grass mixture at 15 
g m-2• S. minor treatment was applied twice (spring and faH of 2004) at 40 g m-2• 
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8.5. Discussion 
A successful biocontrol agent for perennial weeds should not only target plant vigour and 
density, but should also attack seeds and reduce seedling establishment ofperennial 
plants (Kremer 2000; Medd & Campbell 2005). Our earlier results from greenhouse and 
field experiments demonstrated the considerable effectiveness of S. minor to reduce 
above and below ground biomass of potted T. officinale and also to reduce T. officinale 
population densities in field environments (Abu-Dieyeh & Watson 2006: Chapter 5). 
Innate reproduction and dispersal of T. officinale depends exclusively on seeds and 
T. officinale is described basically as an r-strategist, emphasizing seed production and 
favouring colonizing ofnew habitats (Gadgil & Solbrig 1972; Bostock & Benton 1979). 
Although differences in the reproductive effort are reported in the literature (Stewart-
Wade et al. 2002b), 20,000 mature seeds per plant per season (Dunn & Moyer 1999) with 
a general germination capacity of80 to 90% (Falkowski et al. 1989) are major attributing 
factors to the weediness and invasiveness ofthis species. Therefore, prospective control 
strategies for T. officinale should consider seed production, dispersal, germination, 
establishment, and seed bank deposition. Indeed, preventing seed1ings from developing 
into perennial plants will be central to a long term control strategy. 
We reported that S. minor could advance fruiting and cause approximately 50% 
reduction in the germination potential of pre-dispersed T. officinale seeds if applied on a 
flowering T. officinale population (Abu-Dieyeh et a1.2005: Chapter 9). The reduction 
was not due to the fungal infection of seeds, but more related to biotic stress. Our 
findings from this study demonstrated the high susceptibility of T. officinale seeds to S. 
minor. When the fungus was applied at sowing and the granules were close enough 
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(within 0.5-1.0cm) to T. officinale seeds, the growing mycelia from the granules 
colonized the seeds and consequently reduced germination to 20 %. The 20 % 
germination escape (3 to 5 seeds of the 25 per tray) was due to the absence of direct 
contact with the fungus mycelia or due to seed burial in the soil leading to delayed 
germination and avoidance of the fungus which had reduced effectiveness 10 days after 
application. Post-emergence application of S. minor (10 days after sowing) killed aH 
seedlings contacted with the fungal mycelia and reduced seedling survivorship to 2%. 
In addition to the effectiveness of direct application of S. minor on T. officinale 
seeds and seedlings, the turfgrass crop of this biocontrol system was not adversely 
affected by the S. minor application. Grass over-seeding is a common management 
practice in turfgrass environments (Turgeon 1985) and a successful biological control 
should not harm the turfgrass seeds and/or prevent new seedling establishment. The 
application of S. minor granules did not adversely affect P. pratensis, F. rubra ssp. 
rubra, F. rubra ssp. commutate, L. perenne or A. palustris. Furthermore, one month after 
S. minor application, the grass quality and quantity was improved compared with the 
untreated control grass. When S. minor was applied at the time of sowing turfgrass seeds, 
germination was delayed due to physical factors. The fungus mycelium formed a thin 
layer covering the soil surface and prevented the grass seeds to start or achieve proper 
germination in the first week, but one week later (as the S. minor mycelia disintegrated) 
aH species were as vigorous as their controls. Gaps in the grass canopy of A. palus tris 
(only in two replicates out of six) occurred when treated with the fungus at 10 days after 
sowing. Seedling damping-off resulted from a physical barrier due to the bulky growing 
mycelia on granules which prevented the tiny grass seedlings from growing. Neither 
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seedling damping off nor signs of damage were observed whenever the fungus spread 
smoothly on the soil surface under the grass canopy. Agrostis palustris growth habit 
differs from other grasses by developing a dense canopy with fine-textured leaves and 
stolons (Turgeon 1985) and this may explain why other species were unaffected. 
Previously, autoclaved L. perenne seeds were used as a substrate for S. minor and S. 
sclerotiorum biocontrol formulations (Riddle et al. 1991). S. minor, an obligate 
necrotrophic pathogen, causes rapid necroses in plant tissues and uses the de ad tissues for 
its nourishment (Livingston et al. 2005). In our study, intact grass seeds were not 
infected, but the few seeds that became infected seeds were likely already dead or 
severely stressed, died and were then colonized by the fungus 
Interestingly, one month after applying S. minor at sowing, the fungal treated grass 
had higher total biomass values than the untreated control and the biomass was 
significantly superior for L. perenne and A. palustris, in spite of the earlier canopy gaps 
of the latter. In the second trial, total biomass values were again higher with the S. minor 
treatment, but were not significantly different from the controls. The increase in biomass 
can not be related to the extra organic matter and other nutrients from granules, since the 
autoclaved non-colonized barley in the treated controls did not improve the total biomass 
or grass quality more than the untreated control grass. These studies have demonstrated 
that S. minor inundation has no adverse effects on grass germination and establishment 
and suggests further studies are required to confirm apparent growth promotion of grass 
seedlings from S. minor and investigate the mechanisms invo1ved. 
When most of the established T. officinale (the dominant species) population was 
removed by a spring application of S. minor, the opened area were re-colonized by one or 
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more flushes of T. officinale seedlings (Abu-Dieyeh and Watson 2006: Chapter 5). 
Mature T. officinale seeds lack primary dormancy and can germinate any time if the 
conditions permit (Martinkova & Honek 1997; Stewart-Wade et al. 2002b) and fulliight 
is a major requirement for T. officinale seed germination (Letchamo & Gosselin 1996). 
Buried seeds are unable to germinate (Noronha et al. 1997). The ability of S. minor to 
colonize T. officinale seeds could be exploited to lower the seedbank of T. officinale each 
season. 
We had hypothesized that, grass over-seeding on bare ground and/or in grass 
canopy gaps left after depletion of the T. officinale population will initiate competition in 
the upper soillayer between new seedlings of grass and T. officinale and over-seeding 
the grass at the time of S. minor application will exert more competitive pressure on new 
T. officinale recruitments in the absence of grass over-seedling. In practice, relying on 
cultural methods for perennial weeds suppression is generally not feasible, it is a slow 
graduaI process with weed suppression sometimes occurring after many years (Busey 
2003; Hatcher & Melander 2003; Larsen et al. 2004). Altematively, combining the 
biocontrol agent with mechanical methods mainly defoliation, cutting and mowing 
(Green et al. 1998; Kluth et al. 2003) or increasing grass competition (Story et al. 2000), 
or a green coyer plant (Guntli et al. 1999) could improve the biological control. 
Our results indicated that overseeding alone neither had significant suppressive 
effect on T. officinale or other broadleafweeds, nor led to significant improvement of the 
turf quality. However, combining grass over-seeding with the S. minor biocontrolled to 
excellent control of T. officinale and associated broadleaf weeds, and also increased turf 
quality over time to the maximum possible level expected for the turf type. The grass 
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seedlings emerged one week after sowing regardless of S. minor presence, while T. 
officinale emergence started later. The S. minor treatment created a new environment and 
subsequent suppressive effects on the weed population could be attributed to the 
improved grass competition. 
Recommendations from turf specialists indicate superior establishment of cool 
season turfgrass from fall seeding rather than spring seeding (Reicher & Throssell 2005). 
Adequate soil moisture, warm soil, and limited weed pressure allow excellent seedling 
growth. We found no differences between seeding in the middle of May and the middle 
of September on the level of T. officinale population reduction, but less suppression was 
obtained by over-seeding 20 days after fungal application. Suitable weather conditions 
for S. minor infection occurred during both the spring and faU treatments but higher 
temperatures in late June and colder temperatures in late October may have been 
responsible for less grass establishment when over-seeding was delayed to 20 days after 
S. minor application (Table 8.1). Additionally, this 20 days delay of over-seeding grass 
might favour T. officinale seedling emergence and establishment rather than grasses. 
According to Radosevich et al. (1997), disturbing the area by a direct control targeting 
the abundant weed species, basically encourages weed seed germination and the 
seedbank should be considered along with aboveground vegetation in any weed 
management pro gram. Grass over-seeding at 0 or 10 days after S. minor application is a 
favourable ecological management approach. Strong biocontrol effects on established T. 
officinale were obtained, grass competition was improved, and T. officinale seeds in the 
superficiallayer of soil surface were likely colonized with this management strategy . 
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Trifolium repens and Convolvulus arvensis were both susceptible to S. minor 
application but the reduction in their population densities over the season cou Id also be 
attributed to strong competition by the weU established grass. Trifolium repens was more 
vulnerable and its density was reduced under aU S. minor and grass over-seeding 
treatments in both years and under aU treatments in the second year including the 
untreated, non-seeded control compared with the tirst year. This could be attributed to 
regular mowing as we reported earlier (Chapter 6). 
Established C. arvensis plants are very difficult to eradicate using mechanical and 
chemical control methods due to its vigorous regrowth from the root buds and rhizomes 
after destruction of the shoots (Weaver & Riley 1982; Defagoet al. 2001). Significant 
control of C. arvensis was only obtained in the second year with S. minor foUowed by 
over-seeding at 0 or 10 days later. In aU other treatments the C. arvensis infestations 
increased in the second year indicating the importance of grass competition and repetitive 
application of S. minor to control this persistent weed. 
Competitiveness of grasses on weed invasion is determined by grass species and 
cultivars (FerreU et al. 1998), timing of turf establishment (Borman et al. 1991), grass 
seeding rate and turf cultural management (as reviewed by Busey 2003). Several 
competitive features have been reported for T. officinale in turfgrass, while the deep tap 
root can extend below the level of competing grass roots, the phenotypic variability of 
the rosette growth form allows T. officinale to compete aboveground for light (Stewart-
Wade et al. 2002b). Whereas grasses decrease available nutrients in the upper layer of 
soil and increasing grass density may reduce growth of T. officinale seedlings (Vavrek 
1998). Earlier studies suggested that the establishment of T. officinale seedlings was 
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strongly inhibited in areas of dense grass cover due to insufficient open ground and light 
penetration (Molgaard 1977). Chances of seedling establishment are decreased 23 times 
in areas with lush grass vegetation compared with open areas (Ford 1981). In a 
competitive environment, the growth of aH five T. officinale genotypes were reduced 
more with Poa pratensis relative to the other competitors Plantago major and Trifolium 
pratense (Vavrek 1998). AU ages of T. officinale (4-13 weeks) were more severely 
affected by S. minor treatment in the presence of grass competition rather than in a grass-
free environment and grass competition alone exerted similar biomass reduction as the 
fungus treatment alone (Chapter 3). Therefore, minimizing the development of ecological 
niches required for weed encroachment is a key issue of non-pesticide control (Larsen et 
al. 2004). 
The significance of interspecific competition as a plant management tool has been 
studied in different applied systems. The density and abundance of T. officinale were 
positively correlated with potassium level in its tissues and the use of potassium free 
fertilizer decreased T. officinale due to increased competition from grasses (Tilman et al. 
1999). Interspecific competition combined with an insect biocontrol agent exerted greater 
control on Centaurea maculosa (spotted knapweed) than the biocontrol agent alone 
(Story et al. 2000). Interspecific competition plays an important role in mixed forage and 
grassland systems and can be manipulated to reduce weed colonization (Spandle et al. 
1999) or to improve the sustainability of the relative contributions to yield in mixed 
swards (Lüscher et al. 2001). Understanding the ecological basis of interspecific 
competition between native and invasive species of Taraxacum during seedling 
establishment could he1p in reducing the impacts on native biodiversity and ecosystems 
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(Hoya et al. 2004), while understanding the response of different Taraxacum genotypes 
to different competitive environments cou Id help in modelling its weediness (Vavrek 
1998). 
In conclusions, boosting grass competition by grass over-seeding after controlling 
the established T. officinale population by S. minor led to reduce recru,itment from the 
seedbank and to closure of the turf canopy preventing further weed colonization. The 
-
high susceptibility of T. officinale seeds to S. minor widens the potential effectiveness of 
S. minor as a biocontrol agent for long term reduction of the T. officinale seedbank. 
Indeed the vulnerability of T. officinale seedlings to S. minor stresses the need for 
selecting the proper application time to prevent seedlings from establishing into strong 
perennials. 
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PREFACE TO CHAPTER 9 
The ability of Taraxacum officinale to tolerate and to adapt to a wide range ofbiotic and 
abiotic factors is well documented. In response to biotic and abiotic stress, certain plants 
including dandelion change their pattern of reproduction as a survival mechanism 
(Welham & Setter 1998). Plant life history models suggest that diseases should 
accelerate reproductive cycles (Agnew et al. 2000). In spring 2003, at the peak of 
flowering of the dandelion population and within four days after I did my first field 
application of S. minor, flowering accelerated to fruiting. This phenomenon was not 
previously discovered for dandelion. In Chapter 9, the developmental response of 
common dandelion to S. minor infection and subsequent seed dispersal and germination 
potential was examined. 
Chapter 9 was recently published in manuscript form in Biocontrol Science and 
Technology, December 2005; 15(8):815-825. The manuscript was co-authored by 
Prof essor Alan K. Watson, my supervisor and Jerome Bernier, a summer student. I am 
the one who recorded the phenomenon, designed the experimental set-up, performed the 
experiments and the statistical analysis and wrote the manuscript. Jerome Bernier helped 
me in seed collection, in laboratory work related to seed germination experiment and 
isolating seed microflora. Prof essor Watson supervised the work, provided financial and 
technical resources, and corrected the manuscript. Jerome Bernier has granted permission 
to use the content ofthis manuscript in the present thesis (E-mail received on January 9 
2006, Appendix-6). 
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CHAPTER9 
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9.1. Abstract 
Sclerotinia minor Jagger is a promising biocontrol agent for dandelion in turfgrass. When 
a flowering dandelion population was treated with S. minor, flowering accelerated to the 
fruiting stage within four days. This developmental response was 4-5 days earlier than in 
the control, untreated plants and was not observed in herbicide treated plants. Seeds 
obtained from the fungal treated plants were smaHer, lighter and their germination rate 
was reduced by 48.4% and 47.3% for spring and faH applications, respectively. S. minor 
was not detected in dandelion seeds from the fungal treated plants. In addition to 
effective control of mature (flowering) dandelions, seeds dispersed by dying plants have 
reduced germination and are not transferring S. minor off target. 
Key words: fructification; Sclerotinia minor; Taraxacum officinale; turfgrass; 
bioherbicide; biocontrol. 
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9.2. Introduction 
Taraxacum officinale Weber (dandelion) is a common, worldwide, herbaceous perennial 
weed, that infests parks, gardens, pastures, orchards, roadside, vegetable gardens, 
agricultural and horticultural crops (Stewart-Wade et al. 2002b). It interrupts the 
uniformity and limits the density of turfgrass when infesting home lawns, golf courses, 
athletic fields and roadside green spaces. The strong competitive and dispersal abilities of 
dandelion are partly due to high seed production and germination rates. The seed bank 
population in the top 13 cm of soit in a grassland area in the UK as estimated at 1.6 x 106 
seeds ha-1 (Champness & Morris 1948), and up to 6 X 108 seeds ha-1 were reported to be 
produced in a heavily infested area of Canada (Roberts 1936). Mature seeds lack primary 
dormancy and are able to germinate almost as soon as they leave the plant (Martinkova 
& Honék 1997). Reported germination capacity of dandelion seeds varies (Stewart-Wade 
et al. 2002b), but germination is generally 80-90% (Falkowski et al. 1989). 
Turfgrass production is a major industry in North America and Europe. In the USA 
alone, there is an estimated 93 million dwellings and more than 18 million ha of turf 
(Monaco et al. 2002). CUITent methods for dandelion control in turfgrass include proper 
management practices and chemical control with three-way mixtures of phenoxy 
herbicides including 2,4-dichlorophenoxy acetic acid (2,4-D). However, chemical 
herbicides have received considerable negative publicity worldwide and many people are 
opposed to their use. Sclerotinia minor Jagger is an ascomycete plant pathogen that has 
biocontrol potential for dandelion in turfgrass (Ciotola et al. 1991; Riddle et al. 1991; 
Schnick et al. 2002; Stewart-Wade et al. 2002a). 
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Recently, Arabidopsis plants have been reported to have accelerated reproductive 
development in response to three pathogenic species (Korves & Bergelson 2003). 
Apparently, developmental response has not been previously reported for dandelion 
under a pathogen stress. The objective ofthis study was to examine the developmental 
response of common dandelion to S. minor infection and subsequent seed dispersal and 
germination potential. 
9.3. Materials and methods 
9.3.1. Experiment A 
During the conduct of a field experiment designed to study the effect of S. minor on 
population dynamics of dandelion in turfgrass (Chapter 7), the dandelion population was 
observed to respond to S. minor inoculation by accelerating the change from flowering to 
fruiting. The experiment was conducted in a turfgrass field on the Macdonald Campus of 
McGill University in Ste-Anne-de-BeUevue, Quebec. The turfwas mainly Kentucky 
bluegrass with 10% red fescue and was heavily infested with common dandelion (50-110 
dandelion plants m-2). A completely randomized design two factor experiment with six 
replicates was established in May 2003. The first factor was application time; either 
spring (May), faU (September), or both spring and faU. The second factor was application 
of one ofthree treatments: (1) broadcast foliar application of Killex® herbicide [2,4-D, 
mecoprop ((±)-2-(4-chloro-2-methylphenoxy) propanoic acid) and dicamba (3,6-
dichloro-2-methoxybenzoic acid)] at 1.7 kg a.i. ha-1; (2) broadcast granular formulation 
of S. minor (see Chapter 5) at 120 g m-2, (3) untreated control. On the day ofspring 
application, 70-80% of dandelions in aU experimental plots were in the flowering stage 
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while, approximately 10% were observed on the day of faU application. Progression from 
flowering to fruiting was monitored from 4 to 10 days after treatment by visual 
estimation of the percentage of dandelions that changed from flowering to fruiting in 
each plot. 
9.3.2. Experiment B 
In the faU (September 2003) a second field experiment was conducted to test the effect of 
spot application of S. minor on the flowering response of individual dandelion plants. A 
total of 150 dandelions naturaUy occurring in a Kentucky b1uegrass field on the 
Macdonald Campus of McGiU University in Ste-Anne-de-BeUevue, Quebec, were 
selected and marked using wooden sticks. AU the inflorescences (heads) of the selected 
plants were in the flowering stage on the day of treatment. Fifty percent of marked 
dandelion plants (75) were randomly selected and spot applied with 0.2 g per plant of a 
granular formulation of S. minor on the center of the rosette. The remaining 75 plants 
were not treated. The numbers of flowering and fruiting heads for each plant were 
recorded 4 days after application. 
9.3.3. Seed collection and experiments 
Six days after treatment in Experiment A, 30 random samples of dandelion fruiting heads 
were coUected into paper bags from aU replicates of aU treatments. A 0.1 g sample of 
freshly coUected seeds was removed and used to test for pathogen contamination (see 
9.3.3.3). The remaining fruits were air-dried at 21 ± 2°C for one month and then stored in 
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the refrigerator (4°C). Similar procedures were used to collect seeds from the fall 
(September 2003) treated plots of the same experiment. 
9.3.3.1. Seed Size and Morphology 
Sorne seeds within each treatment were taken from aIl replicate samples, mixed and then 
20 100-seed samples were used to determine average seed weight within each treatment. 
A 100-seed sample within each treatment was also used to determine the mean pappus 
diameter and stalk length of dandelion seeds (Appendix-5) using a measuring caliper. 
9.3.3.2. Seed Germination 
Four Whatman No. 1 filter papers were placed into 15-cm-diameter Petri plates, papers 
were saturated with distilled water, and excess water was decanted. Five replicates of 50 
dandelion seeds from each treatment were placed on the moistened filter paper and the 
plates were sealed with parafilm. Plates were incubated at 26 ± 2°C under two 34 W cool 
white fluorescent lights on a 16 h day 8 h night cycle. Germinated seeds were counted 
and removed every day for 21 days. Filter papers were kept moist through periodic 
spraying with distilled water. Total germination percentages, days to 50% of final 
germination (T 50) and germination span in number of days between 10% and 90% 
germination (T 90-T 10) were calculated (Furutani et al. 1985). 
9.3.3.3. Seed Microflora 
To detect the presence of S. minor in or on dandelion seeds, a random sample of 0.1 g of 
freshly collected seeds (~200 seeds) from each of the control and fungal treated samples 
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(a total of 6 samples from each treatment; see seed collection) were squashed separately 
using a sterile mortar and pestle. The squashed seeds were transferred aseptically into 20 
ml culture tubes containing 9 ml of potato dextrose broth (PDB) and left to stand for 30 
min. SeriaI dilutions of 10-1, 10-2 and 10-3 were prepared and 0.2 ml from each dilution 
and from the original PDB tube were transferred onto four potato dextrose agar (PDA) 
plates and four rose Bengal agar (RB A) plates. Plates were incubated at 20 ± 1°C and 
were checked for fungal growth. Individual fungal colonies were subcultered on separate 
PDA plates, incubated for 5-10 days and identified. This method to detect fungal 
contamination was repeated for seeds coUected in the faU of 2003 (Experiment B). To 
verify the above procedure to detect S. minor in or on seeds, a positive control was 
prepared by mixing a 1 cm diameter agar disc containing S. minor mycelium with 0.1 g 
of seeds and then processed similarly as the test samples above. 
9.3.4. Data analysis 
Experiments were conducted in a completely random design. Data were subjected to one-
way analysis of variance (ANOVA) procedures using the Statistical Analysis System 
(SAS) (SAS Institute Inc 2001). Data were compared using the F-test at alpha 0.01 and 
0.05 and Tukey's test was used to separate means. 
9.4. Results 
9.4.1. Developmental response to inoculation by S. minor 
When treated with a bioherbicide formulation of S. minor, flowering dandelion 
populations in the spring and faU responded by suddenly changing to the fruiting stage 
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(Figure 9.1A). Four days after application, > 90% of the flowering dandelions in the 
spring fungal-treated plots were fruiting (Figure 9.18). Natural progression to fruiting 
occurred 4 to 5 days later in the untreated control plots. This advanced fruiting response 
did not occur in the herbicide-treated plots (Figure 9.1 C). White plumose pappi and 
downward bending scapes were observed in response to S. minor treatment (Figure 
9.1D). In the faH (September 2003) treatment plots, flowering dandelion plants were 
estimated to be 10% of the population in each plot, and the same advanced fruiting 
response for about 90% of the flowering dandelion was observed 4-days post application 
in the fungal treated plots. Only 20-30% of the untreated flowering dandelions in the 
control plots changed to fruiting after the 4-day period. Since the percentage of flowering 
dandelions in the faH of experiment-A was very low compared to spring application, a 
second experiment (B) of spot applications of the bioherbicide to individual dandelions 
was conducted to quantify the effects of the fungus. 
The fungus had similar effects when applied as a spot treatment in the faH (Table 
9.1). Four days post application, the differences in number offlowering or fruiting heads 
were highly significant (P < 0.001) between the treated and untreated plants. About 80% 
of dandelion flowering heads were changed to fruiting under the fungus inoculation 
while 29.6% were obtained under natural development ofuntreated flowers. Eighty three 
percent of the 75 treated plants (~62 plants) were able to develop one or more fruiting 
heads compared with ~ 34 untreated plants (Table 9.1). 
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9.4.2. Seed size and morphology 
Seed weight was significantly decreased by S. minor and by the herbicide compared to 
the control. Mean seed weight of seeds from the untreated plants was 0.73 ± 0.03 mg, 
while seeds from S. minor treated plants and herbicide treated plants were 0.34 ± 0.02 mg 
and were 0.32 ± 0.03 mg, respectively. In addition to smaller seeds, the seeds from S. 
minor treated plants had significantly longer beak length and smaller pappus diameter 
than seeds from untreated plants (Table 9.2). Seeds coIlected from herbicide treated 
plants had the longest beaks and the greatest pappus diameter (Table 9.2). 
9.4.3. Seed viability 
Both S. minor and the herbicide significantly (P ~.001) reduced seed germination 
(Figure 9.2) in both spring and faU trials. Germination was the lowest in the seeds from 
the herbicide-treated plants, 4.8% in the spring and 18.4% in the faU compared to 38.4 
and 35.2% germination of seeds from S. minor treated plants. 
S. minor also altered the germination pattern of the seeds in the spring by retarding 
the T 50 by 2 days, and by increasing the span of germination (T 90-T 10) and me an 
germination time by 5 and 2 days, respectively (Table 9.3). This re1ationship was not 
observed in the faIl because aIl seeds germinated at a faster rate. 
9.4.4. Seed contamination 
There was no indication of S. minor seed infection or infestation from the PDA and RBA 
plate bioassays. In the positive control, the mycelium of S. minor was readily detected on 
aIl PDA plates and on sorne of RBA plates after 48 h of incubation. Cladosporium 
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oxysporum, Fusarium oxysporum, Alternaria chlamydospora, Mucor sp. and different 
yeast spp. were the common microflora recovered from seeds of both the S. minor treated 
and the untreated plants. 
Table 9.1. Response of individual flowering dandelion plants to spot application of S. 
minor bioherbicide during the faU of2003. 
Measured parameters 
Total # flowering heads 
Total # fruiting heads 
% Plants with ;::i fruiting heads 
% of fruiting heads 
Untreated (n=123) 
4-days post 
87 
36 
45.3 
29.6 
Fungus treated (1) (n=lOl) 
4-days post 
21 ** (2) 
80** 
82.7** 
79.2** 
(1) 0.2 g/plant of a granular formulation of S. minor was applied to individual plants. 
(2) ** Significant difference between untreated and fungal treated dandelions at P < 0.001. 
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Table 9.2. Morphological response of spring collected dandelion seed to bioherbicide 
and chemical herbicide treatments. 
Measured parameters Untreated Fungus treated (Ij Herbicide treated (2j 
Mean stalk length (mm) 7.3 c (3) 7.9 b 9.3 a 
Mean pappus diameter (mm) 6.6 b 4.9 c 7.2 a 
Mean seed weight (mg) 0.73 a 0.34 b 0.32 b 
(1): broadcast application of a granular formulation of Sclerotinia minor at 120 g m-2. 
(2): broadcast foliar application of Killex® herbicide (2,4-D, mecoprop and dicamba) at 
1.7 kg a.i. ha- I . 
(3): values in a row sharing a letter are not significantly different at 5% level according to 
Tukey's test 
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Table 9.3. Effect of S. minor application on dandelion seed germination. 
T50(1) T90-T10 (2) Mean germination 
time (3) 
Treatment 
Days Days Days 
Untreated - spring 4.8 ab (5) 8.2 b 6.6 b 
Fungus treated (4) - spring 6.6 a 12.8 a 8.6 a 
Untreated - faU 4.0 b 2.4 c 4.1 c 
Fungus treated (4) - faU 4.0b 2.2 c 3.8 c 
(1): Days to 50% of final germination. 
(2): Days between 10% and 90% germination. 
(3): MGT= E (n x d)/N, where n is number of seeds germinated on day d and N is the total 
number of germinated seeds. 
(4): broadcast application of a granular formulation of S. minor at 120 g m -2. 
(5): values in a column sharing a letter are not significantly different at 5% level 
according to Tukey's test. 
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Figure 9.1. Typical dandelions in the flowering and fruiting stages (A). Dandelions that 
changed from flowering to fruiting within 4 days after being treated with S. minor (B). 
Representative epinastic response of dandelion to 4 days after phenoxy based chemical 
herbicide treatment. Note, flowers treated with the herbicide remain in the flowering 
stage (C). S. minor infection causes the flowering scape to bend downward, the pappi to 
whiten and become plumose, and ultimate plant death (D). 
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Figure 9.2. Germination progression of dandelion seeds coUected after spring (May) and 
faU (September) treatment applications. Final mean values sharing the same letter in the 
spring or faU application times are not significantly different at the 5% level according to 
Tukey's test. 
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9.5. Discussion 
Dandelions flower throughout the year, with a primary peak in April and secondary one 
in September or October (Gray et al. 1973). The time required from blooming until seed 
ripening and bract opening to release seeds is reported to be 8-13 days (Gray et al. 1973). 
The me an time to fruiting among nine North American dandelion clones was 
significantly different and ranged between 11.5 to 17.0 days (Colier & Rogstad 2004) 
Under greenhouse conditions (24 ± 1°C; 15 h oflightlday at photon flux density of 350 ± 
50 J!mol m-2 s -1) dandelion required a 10.3 ± 0.7 day period from blooming to seed 
release (M.H. Abu-Dieyeh & A. K. Watson, unpublished data). In response to S. minor 
inoculation, flowering dandelion plants in spring and faU turned to the fruiting stage 
within 4 days of inoculation (Figure 9.1 & Table 9.1). The shift from flowering to 
fruiting response of inoculated plants was 4 to 5 days faster than that of the non-
inoculated plants and was never observed in plants treated with the chemical herbicide. 
Dandelions treated with S. minor were killed within 14 days. Therefore, the 40-50% 
earlier fruiting in dandelion apparently is a direct consequence of the fungal infection. 
This type of response for dandelion to a pathogenic infection has not been previously 
reported. Various biotic and abiotic stresses to dandelion including che mi cal herbicides, 
human manipulations, herbivory, or other microorganisms have not been reported to 
cause such a response (Stewart-Wade et aL 2002b). The ability of dandelion to tolerate 
and to adapt to a wide range of biotic and abiotic factors is weU documented and 
explained by its common gene pool combined with high phenotypic plasticity (Solbrig 
1971; Baker 1991), and by its ability to manipulate its internaI resources (Wilson et aL 
2001). 
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Sorne plants flower faster in response to shade, overcrowding, low nutrients, 
drought, heat and low light quality (Levy & Dean 1998), and plant life history models 
suggest that diseases should accelerate reproductive cycles (Agnew et al. 2000). In 
response to biotic and abiotic stress, certain plants including dandelion change their 
pattern of reproduction as a survival mechanism (Welham & Setter 1998). Dandelion in a 
disturbed habitat (alfalfa field) had higher reproduction than the undisturbed population. 
Welham & Setter (1998) hypothesized that dandelion has different reproductive efforts 
when mortality rates varied with degreè of disturbance and neighbour density. Soybeans 
that are subjected to drought stress switch from vegetative to reproductive phases, 
shortening each reproductive phase leading to accelerated senescence (Desclauk & 
Roumet 1996). High temperature stresses during flowering results in reduced seed yield 
in both monocotyledonous and dicotyledonous plants (Young et al. 2004). Recently, 
Korves & Bergelson (2003) reported that the susceptible Arabidopsis plants accelerate 
their reproductive development by reducing time to flowering and the number of aerial 
branches on the primary inflorescence in response to two biotrophic bacterial pathogens 
and a biotrophic oomycete. The change in infected plant development could be an active 
response of plants to infection or the pathogen could be manipulating plant growth by 
inducing hormonal changes (Agrios 1997). Auxin, ethylene, andjasmonic acid which 
have active roles in plant development are elevated in infected plants (Wang et al. 2002). 
S. minor is a necrotrophic fungus, causing rapid wilting, collapse and death of host 
plants (Melzer et al. 1997). The pathogenesis by S. minor involves the production of 
endo- and exo pectinases, cellulases, hemicellulases and proteases (Lumsden 1979). The 
accelerated reproductive cycle in dandelion may be a consequence of a systemic 
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signaling mechanism in dandelion or due to the manipulation of host growth by the 
fungus. A predominant 18-kDa protein in dandelion roots is known to serve as a 
vegetative storage prote in (VSP) to tolerate abiotic stresses (Cyr & Bewley 1990). 
However, Xu et aL (2000) found that this protein is unlikely to play a role in co Id stress 
tolerance and more likely belongs to allergen and pathogenesis related proteins (PR). 
Presently, the nature and the mechanism underlying the acceleration of dandelion 
reproductive cycle in response to S. minor is unknown and needs further investigation. 
The germination capacity of dandelion seeds reported in the literature is variable 
and is highly correlated with experimental conditions. Martinkova & Honék (1997) 
reported 94% germination on moist filter paper 28 days after the collection of the seeds. 
Collins (2000) obtained 85-94% germination under variable temperature and light 
regimes, and Cross (1931) reported 75-76% germination in altemating temperatures of 
30oC/20°C, while only 60-65% germinated at a constant temperature of 18-20°C. In our 
study, there was no significant difference in the germination of seeds collected from 
untreated plants in Mayor September (Figure 9.2). However, there were significant 
differences in total germination between the control seeds and seeds collected from the 
herbicide or the S. minor treated plants. The lowest germination was obtained for seeds 
from herbicide treatment with 4.8% in spring and 18.4% in the fall. This could be 
explained by different abilities ofuptake and translocation ofphenoxy herbicides by 
dandelions at different phenological stages. In the spring (May), > 80% of the dandelion 
population was in the flowering stage compared with 10% scattered flowering in the faU 
(September). In spring more resources are aUocated for flowering and vegetative growth 
of dandelion (Cyr & Bewley 1990), while nitrogen reserves are restored in the roots at 
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the end of the summer (Rutherford & Deacon 1974). The systemic distribution of 
foliage-applied herbicides follows a source-to-sink pattern (Crafts 1962). Therefore, 
more translocation of herbicide is expected towards the fruiting heads in the spring and 
towards the roots in the faU, and this may explain the lower seed germination in the 
spring than in the faU. Although no fruiting response of dandelion was observed under 
the herbicide treatment, a significant seed weight reduction was recorded. 
Dandelions are known to respond to 2,4-D by increasing uptake ofwater, decreasing 
carbohydrate reserves, increasing respiration rate, increasing total soluble protein, and 
increasing hydrolase activity (Deacon & Rutherford 1972; Wilson & Michiels 2003). 
Thus, the decrease in seed weight and the increase in pappus diameter and stalk length 
(Table 9.2) cou Id be due to the auxin induced effects of2,4-D leading to seed non-
viability or lower viability in response to the herbicide and this may also explain the 
lowest germination potential obtained for these seeds. 
Seeds from dandelion fruits from plants infected with S. minor have about 50% less 
germination than control seeds. This decrease in seed germination may be due to the high 
frequency of impaired seeds as a result of accelerating the dandelion life cycle by 4-5 
days. By responding in this way, dandelions can retain 50% oftheir reproductive abilities 
instead of losing them completely to a rapidly advancing necrotrophic pathogen like S. 
minor. The impaired seed suggestion is supported by: (1) S. minor was not isolated from 
the seeds of S. minor treated plants; (2) significant seed weight reduction was obtained 
for seed samples from fungal treated plants; (3) the pappi of the fruits were visibly 
altered (Figure 9.1B), they are fluffier and whiter in colour than the normal fruits. The 
measurements taken for the stalk length and pappus diameter (Table 9.2) indicated longer 
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stalks (7.9 ± 0.66 mm) and lower pappus diameter (4.9 ± 0.76 mm) than the control se cds 
(7.3 ± 0.76 and 6.6 ± 0.81 mm, respectively). During flowering, an abiotic stress like 
high temperature was found to reduce the seed weight significantly, and affect the fruit 
and seed development in Brassica napus (Young et al. 2004). 
The progress of seed germination in spring coHected seed was also affected under S. 
minor infection as T50 was slower by 2 days, and the span of germination (T90-TlO) and 
mean emergence time were significantly longer by 5 and 2 days, respectively (Table 9.3). 
However, differences in these parameters of seed germinati(:m were not observed 
between the faH treatments as both seeds germinated at a faster rate. In this study, seeds 
collected in fall from untreated plants were significantly lighter than in spring with an 
average of 0.56 ± 0.04 mg (data not presented in Table 9.2). Germination performance in 
dandelion seeds was highly correlated with achene weight; the heaviest achenes showed 
the best germination (Tweney & Mogie 1999) and rate of seed maturation (Collins 2000). 
Both factors may explain the difference in germination between the faU and spring 
treatments in this study (Table 9.3). 
S. minor has consistently provided good control of dandelion in greenhouse and 
field experiments (see previous Chapters) but S. minor also reduces dandelion's 
reproductive and dispersal abilities by about 50%. The absence of S. minor from seeds of 
dandelion obtained from fungal-treated plots indicates that it is not transmitting this 
fungus off site to non-target species or crops like lettuce. This is an important fact 
because S. minor is not a host-specific fungus as it infects a wide range ofhost plants 
(Melzer et al. 1997). Finally, Korves & Bergelson (2003) proposed that the 
developmental response of Arabidopsis to biotrophic pathogens by reducing time to 
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flowering might affect tolerance of and or resistance to the disease. This may not apply 
on our model, as S. minor is a necrotrophic fungus that kilts dandelion within 1-2 weeks 
of infection, and also seeds in apomictic dandelion are known to develop without 
fertilization (Roberts 1936). 
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CHAPTERIO 
GENERAL DISCUSSION, CONCLUSIONS AND 
SUGGESTED RESEARCH 
This research has focused on understanding pathosystem interactions of Scleratinia 
minar as a biological control agent for dandelion in turfgrass system aiming to maximize 
the success of S. minar under field conditions through an ecological approach that can be 
effective and without negative ecological consequences. The results of this research 
could be summarized in the following conclusions: 
1- S. minor has a broad spectrum host range of broadleaf weeds in turfgrass 
including a wide range of dandelion biotypes. 
Phenotypic plasticity and genetic variability within dandelion population are well 
documented in the literature (Stewart-Wade et al. 2002; Solbrig 1970; Lyman & 
Ellstrand 1984; Rogstad et al. 2001; van Dijk et al. 2003). These variations allow 
dandelion to be a strong competitor (Vevrek 1998) has the ability to persist worldwide in 
different habitats (Stewart-Wade et al. 2002). Although the 14 accessions of dandelion 
tested were morphologically variable, S. minar exerted similar aboveground damage and 
reduced above and belowground biomass by 94% and 96% without significant 
differences among the accessions (Chapter 3). 
As a natural pathogen, S. minar is known to have a broad host range (Melzer et al. 
1997; Hollowell et al. 2003); however the susceptibility ofturfgrass broadleafweeds to 
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S. minor, and particularly the barley-based formulation of S. minor, was explored in this 
study. The results indicated a wide host range with at least of 32 turfgrass broadleaf 
weeds belong to 13 plant families susceptible to S. minor infection (Chapter 4). A multi 
pathogen biocontrol strategy was used to control several weeds (Chandramohan et al. 
2002), but recently a broad spectrum highly virulent single pathogen strategy was 
highlighted to overcome commercialization obstacles facing bioherbicides (Müller-
Scharër et al. 1999; Hallett 2005). 
2- S. minor barley based formulation is adaptable to spatial, seasonal and 
microenvironment variations 
In general, the response of the dandelion populations inhabiting different field sites to S. 
minor application was similar with similar levels of dandelion population reduction 
under different grass canopies due to different mowing heights (Chapters 5 & 6). 
Seasonal variations between the spring and faH was not limiting to the effectiveness of S. 
minor (Chapter 7) broadening its potential as a biocontrol agent. 
3- Competition from turfgrass is a useful tool and superior turf quality can be 
effective on resilient dandelion 
Weed populations are mixtures of individuals in various functional stages (Radosevich et 
al. 1997). Host plant age is a limiting factor that could decrease bioherbicide efficacy 
(Boyette & Walker, 1985; Léger et al. 2001). The detrimental effect of age could be 
overcome by manipulating the surrounding environment through adding more 
competitive stress on the plant host (Kennedy & Kremer 1996; Guntli et al. 1999). 
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My results indicated the strong interactions of plant host age, grass competition and S. 
minor efficacy (Chapter 3). The effect of grass competition on dandelion above and 
below ground biomass was almost similar to the effect of the fungus alone in a grass free 
environment. Although dandelion age was inversely correlated with S. minor efficacy, aU 
plant ages were more adversely affected by S. minor in the presence of grass competition. 
Therefore in order to enhance the efficacy of S. minor on tenacious dandelion plants, 
cultural managements favouring grass competition should be integrated into the 
biocontrol strategy. This could be achieved by proper mowing, overseeding and cultivar 
selection management. 
4- Dandelion recovered from the root system after S. minor infection is less 
vigourous, and its capacity to regenerate was affected by several factors 
Root generation of dandelion is one of its competitive features and makes control a 
difficult task (Stewart-Wade et al. 2002a). Manual removing of dandelion using a special 
tool has been ineffective since a small fragment ofroot can propagate a new plant when 
covered by 5-10 cm of soil (Falkowski et al. 1989). 
Resprouted plants after S. minor infection were very weak and lack vigour (Chapter 
5). Regrowth capacity was affected by several factors: 1) the field environment resulted 
in lower regrowth percentage than greenhouse conditions (Chapter 5); 2) season long 
mowing significantly reduced regrowth percentage (Chapter5); 3) regrowth was higher 
with plant age and very limited in a competitive grass environment (Chapters 3 & 7); 4) 
regrowth was significantly lower after spring application than faU application (Chapters 5 
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& 7); and 5) regrowth % was reduced by mortality through time (Chapters 5 & 7). 
Therefore, the greater the stress, the greater the reduction of regrowth percentage. 
5- Mowing alone had no effect on the dandelion population 
Untreated dandelion population appeared to be stable across years with two major peaks 
in May and September. Periodic mowing for two growing seasons did not affect the 
dandelion population. Dandelion rosettes can survive mowing, grazing and competition 
with grass (Baker 1974) and under close mowing the leaves spread flat to form a 
prostrate rosette (Lovell & Rowan 1991). Different plants can respond differently to 
periodic defoliation (Hatcher & Melander 2003). My results indicated a significant 
reduction in Trifolium repens density and a trend of increase of Plantago major and other 
broadleaf species under a 3-5 cm mowing height (Chapter 6). As reviewed by Busey 
(2003) the low mowing height is al ways associated with more weeds, and may change 
the species composition, abundance and diversity. 
6- Regular mowing combined with S. minor is as effective as the herbicide but not 
when the turf is mown close (3-5 cm). 
The effect of S. minor on dandelion survival was evaluated under different mowing 
heights and compared with a commonly used herbicide Killex™. In the greenhouse the 
onset of symptoms was more rapid, foliage damage was more severe and the reduction 
for aboveground and root biomass was greater for the bioherbicide than the herbicide six 
weeks after application (Chapter 5). Over two years and in two different sites, periodic 
mowing at 7-10 or 12-15 cm height combined with two applications (spring and fall) per 
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year resulted in rare differences on monthly dandelion population densities between the 
herbicide and S. minor, and when present did not favour either treatment (Chapter 6). 
FoUowing S. minor treatment, close mowing (3-5 cm height) compared with higher 
mowing heights favoured numerous and earlier dandelion seedling recruitment. The 
fungus destroyed dandelion leaving gaps within turf and the close mowing opened the 
grass canopy aUowing more light to be intercepted. This new environment provided 
resources for germination and seedling recruitment of dandelion (Chapters 5 & 6). Light 
induction and bare ground are known to boost dandelion seed germination (Letchamo & 
Gosselin 1995; Noronha et al. 1997; Ounn & Moyer 1999). 
7- One annual spring application of Killex™ herbicide is highly effective on 
dandelion populations but turfgrass was damaged and a possible weed shift was 
observed. 
One annual spring application exerted similar effects on dandelion population dynamics 
as two annual applications (spring and faU), but less dandelion control occurred after the 
faH application. The phenology and physiology of the dandelion plants differ between the 
two seasons. Oandelion aUocates more resources for flowering and vegetative growth in 
the spring (Cyr et al. 1990) and the roots have more monosaccharides as percentage of 
total sugar in spring and more fructan polymers as the season progressed toward the faU 
(Wilson et al. 2001). In addition, seedlings constitute a greater portion of the population 
in May than in other months (Roberts & Nelson 1981; Abu-Oieyeh & Watson 2006). 
Younger stages of the plant have more ability to translocate 2,4-0 (Tomkins & Grant 
1974). 
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Similar to the S. minor treatment, herbicide treatments improved turf quality with 
time, however grass injuries followed by Digitaria isehaemum (smooth crabgrass) 
invasion was observed in a limited number of plots. More over Malva negleeta (common 
mallow) (Chapter 6) and Oxalis strieta (yellow woodsorrel) (Chapter 7) increased in 
abundance in the second year of both studies. This may indicate a risk of a weed shi ft 
toward more tolerant species to the herbicides used. Minor weeds could become major 
weeds due successive annual herbicide treatment (Johnson 1982). 
8- S. minor is effective on dandelion plants as weil as on seeds and seedbank 
Our greenhouse and field experiments confirmed the significant effect of S. minor on 
dandelion with respect to above ground damage, leaf and root biomass, seeds, seedlings, 
seedbank, flowering stage and all plant ages. A successful biocontrol agent for perennial 
weeds should not only target plant vigour and density, but also should attack seeds and 
reduce seedling establishment (Kremer 1999; Medd & Campbell 2005). The high 
susceptibility of dandelion seeds to S. minor widen the potential of S. minor as an 
effective biocontrol agent for long term reduction of the dandelion seedbank. lndeed, the 
vulnerability of dandelion seedlings to S. minor stresses the need for choosing the proper 
application time to prevent these seedlings from establishing into strong perennials. 
9- S. minor treatment is effective on other broadleaf species 
The S. minor treatment was highly effective, not only in suppressing dandelion 
population, but also in significantly reducing other weeds like Trifolium repens (White 
clover), Plantago major (broadleafplantain), Lotus eornieulatus (birdsfoot trefoil), 
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Ambrosia artemisifolia (common ragweed), Convo/vulus arvensis (field bindweed) 
Medicago /upulina (black medic), Pyrrhopappus carolinianus (Carolina faise dandelion), 
Vicia saliva (common vetch) and Cerastium fontanum (mouseear chickweed). 
10- Grass over-seeding with S. minor is a successful approach to suppress dandelion 
and improve turf quality. 
My results with grass over-seeding at 0 or 10 days after S. minor application gave strong 
biocontrol effect on established dandelion, improved grass competition and inhibited 
further weed colonization in the superficial soillayer (Chapter 8). Less dandelion 
suppression was obtained when over-seeded 20 days after S. minor application. This 
delay might favour dandelion seedling emergence and establishment rather than grasses. 
According to Radosevich et al. (1997), disturbing the area by a direct control targeting 
the abundant weed species, basically encourages weed seed germination and targeting the 
seedbank should be considered along with aboveground vegetation in any weed control 
management. Combining management practices with the biocontrol offers an effective 
ecological approach that relies on interspecific competition to enhance biocontrol 
efficacy. 
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Suggestions for further research 
1- The effect of dandelion age, stage, biotic (from S. minor and turfgrass) and abiotic 
(from mowing and environment) factors on crown and root carbohydrate reserves needs 
further physiological investigation. 
2- The anatomical and biochemical basis of infection caused by S. minor, particularly of 
the root system should be explored. 
3- The competitiveness of different turfgrass species and/or cultivars with dandelion, 
particularly at the seedling stage, needs more research. 
4- The mechanism behind the advance in dandelion flowers to fruits after S. minor 
infection is still unknown. 
5- Safety issues about effect of S. minor mycelia on non-target omamental plants, bushes, 
shrubs, and trees should be considered from the aspect of dispersal abilities of the fungal 
mycelia and sclerotia persistence. 
6- There is ongoing research in Professor Watson's lab to develop a molecular marker to 
detect S. minor in the soil and plant tissues. Once the marker is characterized, it will be 
used to monitor the S. minor biocontrol isolate in the environment. 
7- Integrating other cultural management practices, like fertilization and retaining grass 
clippings with over-seeding could be important and should be studied. 
8- The basis for no effect on turfgrass seeds and the increase in total biomass of perennial 
ryegrass and creeping bentgrass after S. minor application needs further investigation. 
9- Althought the phenotypic variations, mycelial compatibility and aggresiveness of S. 
minor pathotypes on dandelion were already investigated more work is needed to 
evaluate these pathtypes under field conditions and on different variants of dandelion. 
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CHAPTERll 
CONTRIBUTIONS TO KNOWLEDGE 
1- Regarding the Sclerotinia minor - dandelion infested turfgrass pathosystem, this was 
the first study focused on biotic interactions and the extent of biotic stresses caused by 
pathogenesis, interspecific competition, and interactions of the two factors on dandelion 
plants. Understanding these interrelationships led to designing a successful management 
approach that boosted grass competitiveness initiating greater competitive pressure on 
dandelion seedling emergence and greater weed biocontrol efficacy. This ecological 
approach was shown to be practical, resulting in improve turfgrass vigour, and 
suppression of other broadleaf weeds without strong selection pressure to promote 
population shifts to tolerant species. 
2- A novel phenomenon of plant host response to a pathogen was presented. In response 
to S. minor infection dandelion flowering accelerated its reproductive cycle by 4-5 days 
to form fruits. By responding in this way dandelion retains about 50% of its reproductive 
effort instead of loosing it completely to a rapidly advancing necrotrophic pathogen. 
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3- This was the tirst research exploring the host range susceptibility of turfgrass 
broadleaf weeds to Sclerotinia minor. Twenty-three plant species not previously reported 
as natural hosts for S. minor, are reported as hosts of S. minor for the tirst time. 
Moreover, this was the tirst time the dynamics of other minor weed species being 
investigated along with the dominant species in response to S. minor. The whole weed 
community in the system was studied instead of focusing on the dominant species. 
4- This is the tirst report about the ability of S. minor to kill dandelion seeds and reducing 
dandelion seedbank. This discovery broadens the potentiality of S. minor as a promising 
biocontrol agent for dandelion. 
5- This is the tirst research evaluating the response of dandelion population dynamics as 
influenced by S. minor over several years. Successful biocontrol resulted from the 
combined effect of S. minor and proper mowing. The disadvantage of using a close 
mowing height which results in greater seedling recruitment is very important for 
turfgrass management and biocontrol efficacy of the S. minor product. 
6- This was the tirst detailed study examining the effects of biotic and abiotic stresses on 
dandelion regrowth capacity after S. minor infection. Knowing the factors that reduce 
regrowth in dandelion may be with important to advance biocontrol research of other 
perennial weeds. 
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Appendix-l. Selection and characterization of Sclerotinia minor Jagger (IMI 344141) as 
bioherbicide for dandelion and other broadleaf weeds in turfgrass. 
The fungal isolate Sclerotinia minor (lMI 344141) is the subject of Canadian (No. 
2,292,233) and o.s. (No. 5,994,267) patents, entitled "Sclerotinia minor for broad 
spectrum broadleafweed control", assigned to McGill University. S. minor (lMI 344141) 
was evaluated as a biological control for broadleafweeds along with other fungal isolates 
within an interuniversity NSERC TPP research grant project (1994-1998). Sclerotinia 
minor (lMI 344141) provided far superior broadleaf weed control compared to the other 
isolates (Stewart-Wade et al 2002a) and has been the subject of continued research in the 
Weed Science Laboratory of McGill University with the goal of developing and 
registering a bioherbicide product with S. minor (IMI 344141) as the active ingredient. 
The fungal isolate Scleratinia minar (lMI 344141) is also the subject of this PhD 
research project and the only pathotype of S. minar studied in the thesis. However, 
phenotypic variation among 30 isolates of S. minor, collected from different regions and 
hosts, was studied in the Weed Science Laboratory of Mc Gill University (1. Y Shaheen & 
A. K. Watson, unpublished). Mycelial compatibility (MC) among the isolates revealed 
high diversity (0.6) and virulence on detached dandelion leaves ranged from hypovirulent 
to highly virulent. Isolate IMI 344141 was one of the most virulent isolates and did not 
produce sclerotia in the formulated product (1. Y Shaheen & A. K. Watson, unpublished). 
290 
~-......,.... .. Appendix-2. Etiology and fate of Scleratinia minar (lMI 344141) inoculum after 
application. 
Within 1-3 days after application, under cool temperatures and high soil moisture the S. 
minar formulated granules germinate eruptively forming white cottony mycelia. The 
mycelia from each granule can spread no more than 1-2 cm from edge under optimum 
environmental conditions ofhigh soil moisture, extended dew period, and temperatures 
between 1O-20°C. Mycelia from the broadcasted granules interconnect forming a mat of 
cottony layer beneath plant leaves, however if the 1eaves are wet (due to encountered 
rainfall or irrigation), the granules on leaf surfaces can germinate and develop a mass of 
cottony mycelia. Three to 7 days after application, the mycelia reach its optimal growth, 
and after that the mycelia starts to deteriorate and disappears by 10-14 days after 
application. 
The infection commences on upper or lower part of the plant leaves but often takes 
place near the soilline at the leafbase or petiole. No selection of either young or old 
leaves can be observed. The floral scapes are highly vulnerable to infection. The 
symptoms start as brownish necrotic lesions on the leaf blade, midrib or petiole (1eaf 
base). Leaves show signs of wilting and become chlorotic or necrotic and then fall to the 
soil surface. In most cases, leaves are abscised at the leaf base by the fungus and the 
cottony mycelia spread over the green leaves and the entire foliage collapses 3-5 days 
after the infection. A progressive decay followed by watery soft rot of the crown tissues 
prevents regeneration of the infected plants. However, if the crown tissue survives (in 
plants with well-established roots or plants received beyond threshold inoculum size) it 
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may regenerate new shoots within 10-20 days after application. Young seedlings are 
highly susceptible to the cottony mycelia leading to damping-off symptom. 
AH dandelion plants are observed to be equaHy susceptible with no particular 
growth form has the ability to be non-symptomatic to S. minar infection. No plant to 
plant infection is observed and in no matter the mycelia spread is able to exceed the 
borders of the treated plot area after broadcast application or the treated plant after spot 
application. Two weeks after application, the soil surface mycelia disappear and can no 
longer be visually observed. In order to know more about the fate of the mycelia, soil 
samples were collected daily from the above 10 cm soil surface layer of the treated plots. 
4-week-old lettuce seedlings were transplanted into the collected soil samples and 
disease damage or damping off was recorded in a daily basis. The experiment was 
repeated three times. The mycelia in the soil were not able to infect lettuce seedlings 
beyond 10 days after application (M.H. Abu-Dieyeh & A.K. Watson, unpublished data). 
In very rare cases, sclerotia were observed on the surface ofbarley grit aggregates. 
Sclerotia were not observed on dandelion leaves or crown parts. Soil samples were 
collected from treated plots in three different fields and screened for the presence of 
sc1erotia. Sclerotia were detected in soil samples collected during the season of 
application but never in samples from last season(s) indicating the inability of the 
sc1erotia to survive frost conditions (M.H. Abu-Dieyeh & A.K. Watson, unpublished 
data). To investigate the ability of sclerotia to survive winter and do infection for 
susceptible plants, a bioassay field experiment was conducted and repeated twice by 
planting 2-4 leaf stage lettuce plants in plots received two applications of S. minar 
barley-based formulation of 120 g/m2 during the year before. The results showed that no 
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signs of infection, disease damage or growth reduction, during two months of growth 
compared with controllettuce plants, indicating that viable sclerotia are not likely to be 
present (M. Teshler, personal communication). 
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---~'< Appendix-3. Vegetative morphological variations among 14 different apomectic 
dandelion accessions. Ten plant replicates of each biotype were grown under greenhouse 
conditions and the data were collected on 8-wk-old plants. The data were subjected to 
Kruskal-Wallis One Way ANOVA on ranks and the means were separated using Tukey's 
P = 0.05. Within each column the means with similar letters are not significantly 
different. 
Leaf Leaf Leaf 
Accessio Rosette Blade Leaves Trichome length length/ teeth 
n no. 1 habit A~ex 2 {no.} densit~3 {mm} width {no.} 
1 Erect A 6.9bcde OA5bc 153ab 2.8bcd 12.1cde 
2 Erect A 4Ae O.Oc 139abc 3.5ab 15.1abcd 
3 mostly flat A toR 8.6abc OAc 147abc 3Aab 14.8abcd 
4 Erect A 8.6ab O.3bc 145abc 3Aab 14.0bcde 
5 Erect A 6.3de O.Oc 147abc 3.7a 15.1abc 
6 mostly flat AtoR 7.2abcde l.2b 155a 2.6cd 17.5ab 
7 mostly flat R 7.5abcd 5.0a 153ab 3.1abc 21.1a 
8 erect A toR 7.1abcde 4.5a 139abc 3.0abc Il.6cde 
9 erect AtoR 9.1a l.Ob 132bc 2.6d 13.0cde 
10 erect A 7.8abcd 8.3a 152ab 2.5d 14.5abcde 
11 Erect AtoR 7.1abcde 0.54bc 148abc 2.6d 13.0cde 
mostly 
12 erect A 6.8cde l.Ob 94d 2.9abc 14.2abcde 
13 flat A 7.2abcde 0.6bc 126c 3.0abc 1l.3e 
14 In between AtoR 7Aabcd l.3b 146abc 2.9bcd Il.6de 
Leaf Incision Petiole Petiole Leaf Root Tap root 
Incisions length length redness biomass biomass length 
{no.} {mm} 4 {mm} {%}5 {g} {g} {mm} 
1 2.9bc 4.0d 20.5ab 33.8abc 0.44ab 0.34a 116.0ab 
2 1.3c 5.1d 1O.9bcd 22.3cdef 0.10e O.lIe 98.0b 
3 5.1ab 8.1bcd 4.0cd 18.5def 0.28abcd O.24abcd 133.1a 
4 4.3ab 18.8abc 6.0cd 25.5bcdef 0.22bcde 0.153cde 13l.3a 
5 3.5abc 8.7bcd 17.9abcd 31.2abcd 0.34abc 0.23abcd 116.6ab 
6 1.9c 2.1d l.Od 8.35ef 0.20cde 0.22abcd 118.5ab 
7 l.3c 5.7d 0.7d O.Of 0.19cde O.l9bcde 125.1ab 
8 2.9bc 1O.5abcd 24.5ab 33.0abc 0.21cde 0.22abcd 120.2ab 
9 lAc 6.2cd 28.0a 17.7def 0.56a 0.27abc 115.2ab 
10 3.0bc 17.9ab 18.5abcd 36.4ab 0.16de O.15de 101.0b 
11 3.6abc 19.3ab 20.6abc 72.7a 0.32abcd 0.20abcde 99.7b 
12 6.9a 29.6a 27.7a 30Aabcd 0.21cde 0.16cde 113.3b 
13 3.0bc 9.4bcd 16.8abcd 26.8bcde 0.61a 0.31ab 106.8ab 
14 4.5ab 15.8abc 26.0a 36Aabc 0.22bcde 0.18bcde 125.0ab 
~~, 
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1 1. Ste-Anne-de- Bellevue, Québec, Canada; 2. Cornwall, Ontario, Canada; 3. 
Tuscaloosa, Alabama, USA; 4. Anchorage, Alaska, USA; 5. San Marino, California, 
USA; 6. Cory Lodge, Cambridge, UK; 7. Utrecht, The Netherlands; 8. St. Luc, 
Hampshire, UK; 9. Fairbanks, Alaska, USA; 10. Colwick Park, Nottingham, UK; Il. 
Story CO, Iowa, USA; 12. Granger, Iowa, USA; 13. Geauga County, Ohio, USA; and 14. 
Ames, Iowa, USA. 
2 Leaf blade apex shape: A = angular; R = rounded. 
3 Calculated as the average number of trichomes observed in 5 microscopie fields at 40X 
magnification on the adaxialleaf surface of the oldest leaf (10 replications). 
4 Length of the deepest incision. 
5 Calculated as the % of the length of the redness of the midrib on the abaxial surface of 
the oldest leaf to its totallength. 
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~. Appendix-4. Assessments of S. minor viability on potato dextrose agar (PDA) plates and 
virulence on detached dandelion leaves (see chapter 5 for methodology) for all inocula 
applied in this research. N: number of colonized barley grits assessed, Std: slandered 
deviation. 
Growth colony diameter (mm) on PDA plates 
After 24 h of incubation After 48 h of incubation 
Batch Date of 
No. ~re~aration N Average Std min max Average Std min max 
1 Apr-03 90 21.9 6.3 14.0 30.1 56.3 12.4 39.7 71.0 
2 Aug-03 80 26.8 3.6 14.1 30.2 66.0 3.1 58.9 69.7 
3 Jan-04 80 26.7 3.3 14.9 30.2 66.2 5.9 42.0 71.1 
4 May-04 100 24.0 3.9 14.5 31.0 59.0 7.5 41.9 70.2 
5 Aug-04 90 20.0 4.8 13.9 29.0 52.2 5.4 41.0 60.0 
6 Nov-04 60 26.0 4.8 14.9 39.7 55.4 10.8 25.7 70.4 
7 May-05 80 21.8 5.6 13.8 33.2 53.9 7.5 40.9 65.1 
8 Aug-05 60 25.1 4.0 15.2 29.7 60.5 7.0 44.0 69.7 
Mean 640 24.3 5.0 13.8 39.7 58.9 9.2 25.7 71.1 
Lesion diameter (mm) on detached dandelion leaves 
After 24 h of incubation After 48 h of incubation 
Batch Date of 
no preparation N Average Std min max Average Std min max 
1 Apr-03 90 10.2 4.1 0.0 13.7 21.7 4.3 15.1 29.3 
2 Aug-03 80 11.1 1.4 9.1 13.7 25.5 4.0 14.7 32.2 
3 Jan-04 80 12.0 1.8 7.1 14.8 28.1 3.6 17.1 39.7 
4 May-04 100 9.4 3.6 0.0 15.6 26.8 5.2 15.6 36.9 
5 Aug-04 90 6.3 1.5 4.0 9.1 19.7 3.0 15.0 26.0 
6 Nov-04 60 8.8 3.6 0.0 15.1 26.6 6.6 15.0 36.4 
7 May-05 80 8.2 4.4 0.0 15.6 26.9 4.7 17.0 34.5 
8 Aug-05 60 9.2 4.0 0.0 15.6 28.0 4.3 15.6 34.6 
................ :~ Mean 640 9.3 3.7 0.0 15.6 25.7 5.4 14.7 39.7 
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Appendix-5. Vegetative and reproductive morphology of common dandelion Taraxacum 
officinale. 
Pappus 
fruit 
Pappus diameter 
1 1 
Stalk length 
---Seed 
Fruithead 
'------------ Flower head 
Floral scape 
""--------- Leaf incision 
IL__ ____ Leaftooth 
'~L------------Crown 
Iftto----------- Taproot 
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